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FOREWORD 

Section 304 (a}(l) of the Clean Water Act of 1977 (P.L. 95-217), 
requires the Administrator of the Environmental Protection Agency to 

publish criteria for water· quality accurately reflecting the latest 

scientific knowledge on the kind and extent of all ident·ifiable effects 

on health and welfare whiCh may be expected from the presence of 

pollutants in any body of water, including ground water. Prclposed water 

qua 1i ty criteria for the 65 taxi c po 11 utants 1 i sted uncler section 307 
(a)(l) of the Clean Water Act were developed and a n1otice of their 

availability was published for public coornent on March 15, 1979 (44 FR 

15926), July 25, 1979 (44 FR 43660), and October 1, 1979 (44 FR 56628). 
This document is a revisictn of those proposed criteria based upon a 

consideration of comnents r·.eceived from other Federal J'gencies, State 

agencies, special interest groups, and individual sc·ientists. The 

criteria contained in this document replace any previously published EPA 

criteria for the 65 pollutants. This critedon doc:ument is also 

published in satisifaction of paragraph 11 of the Settl1ement Agreement 

in Natural Resourc,es Defen,se Council{ et. al. vs. Tratin, 8 ERC 2120 
(o.o.c. 1976), mod1fied, 12. ERe 1833 o.o.c. 1979). . 

The term "water quality criteria" is used in. two :;ections of the 

Clean Water Act, section 304 (a)(l) and section 303 {c}(2). The term has 

a different program impact in each section. In secti0111 304, the term 

represents a non-regulatory, scientific assess!11'lnt of eccllogical ef

fects. The criteria presented in this publication are ·such scientific 

assessments. Such water quality criteria associated with specific 

stream uses when adopted as State water quality standards under section 

303 become enforceable maJtimum acceptable levels of a pollutant in 

ambient waters. The water quality criteria adopted in the· State water 

quality standards could ha'tre the same numerical limits as the criteria 

developed under section 304. However, in many situations States may want 

to adjust water quality criteria developed under sectioru 304 to reflect 

local environmental conditions and human exposure patterns before 

incorporation into water quality standards. It is ntot until their 

adoption as part of the Sta.te water quality standards that the criteria 

become regulatory. 

Guidelines to assist the States in the modificat·ion of criteria 

presented in this documetnt, in the development of welter quality 

standards, and in other wat,er-related programs of this Al~ency, are being 

developed by EPA. 

STEVEN SCHATZOW 
Deputy Assistant Administrator 
Office of Water Re~1ulations and Standards 

iii 



ACKNmlLEDGEMENTS 

Aquatic Life Toxicology 

Charles E. Stephan, ERL-Duluth 
u.s. Environmental Protection Agency 

Mammalian Toxicity and Human Health Effects 

Jonathan Ward {author) 
University of Texas 

Steven D. Lutkenhoff (doc. mgr.), ECAO 
U.S. Environmental Protection Agency 

Bonnie Smith (doc. mgr.), ECAO-C1n 
U.S. Environmental Protection Agency 

Patrick Durkin 
Syracuse Research Corporation 

Alfred Garvin 
University"of Cincinnati 

Betty Herndon 
Midwest Research Institute 

Steven D. Lutkenhoff, ECAO-tin 
u.s. Environmental Protection Agency 

Anne Tronte 11 
Energy Resources Co •• inc. 

Robert Willes 
Health and Welfare 
Canada 

David J. Hansen, ERL-Duluth ,, . 
U.S. Environmental Protection Agency"'/~ 

Karen Blackburn, HERL 
U.S. Environmental Protection Agency 

Norman Clarke, HERL 
U.S. Environmental Protection Agency 

Diane Courtney- ECAO-RTP 
U.S. Environmental Protection Agency 

Larry Fradkin, ECAO~Cin 
U.S. Environmental Protection Agency 

Ro]f Hartung 
University of Michigan 

Larry Lowry 
National Institute of Occupational 

Safety and Health 

Albert E. Munson 
Medical College of Virginia 

Walter Weigel 
National Institute of Occupational 

Safety and Health 

Roy E. Albert* 
Carcinogen Assessment Group 
U.S. Environmental Protection Agency 

Technical Support Services Staff: D.J. Reisman, M.A. Garlough, B.L. Zwayer, 
P.A. Daunt, K.S. Edwards, T.A. Scandura, A.T. Pressley, C.A. Cooper, 
M.M. Denessen. 

Clerical Staff: C.A. ·Haynes, S.J. Faehr, L.A. Wade, D. Jones, B.J. Bordicks, 
B.J. Quesnell. 

*CAG Participating Members: 
Elizabeth L. Anderson, Larry Anderson, Dolph Arnicar, Steven Bayard, 
David L. Bayliss, Chao W. Chen, John R. Fowle III, Bernard Haberman, 
Charalingayya Hiremath, Chang S. Lao, Robert McGaughy, Jeffrey Rosen
blatt, Dharm V. Singh, and Todd W. Thorslund. 

iv 



,.., 

Human.Health 

For the maximum pr•:>tection of· human health from the potential 

carcinogenic effects du·e ·to exposure of polychlorinated biphenyls 

through ingestion of ct::mtaminated water and c1ontaminated aquatic 

organisms, the ambient ~ater concentration should be zero based on 

the non-threshold assunnption for this chemicc!ll. Rowever, zero 

level may not be attainable at the present tin1e. Therefore, the 

levels which may result in incremental increase.of cancer risk over 

the lifetime are estimc!lted at 10-S, 10-6 , and 10-7 • The corre

sponding recommended criteria are 0.79 ng/1, 0.~)79 ng/1, and 0.0079 

ng/1, respectively. If the above estimates ar1e ntade for consump

tion of aquatic organis:ms only, exluding consunnt;)tion of water, the 

levels are 0.79 ng/1, 0.079 ng/1, and 0.0079 ng'/1, respectively. 
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CRITERIA 

CRITE~IA DOCUMENT 

POLYCHLORINATED BIPHENYLS 

Aquatic Life 

~or polychlorinated biohenyls the criterion to protect fresh

water aquatic life as derived using the Guidelines is 0.014 ~g/1 as 

a 24-hour average. The concentration of 0.014 ~g/1 is ~robably too 

high because it is based on bioconcentration factors measured in 

laboratory studies, but field studies apparently produce factors at 

least ten times higher for fishes. The available data indicate 

that acute toxicity to freshwater aquatic life probably will only 

occur at concentrations above 2.0 ~g/1 and that the 24-hour average 

should provide adequate protection against acute toxicity. 

For polychlorinated biphenyls the criterion to protect salt

water aquatic life as derived using the Guidelines is 0.030 ~q/1 as 

a 24-hour average. The concentration of 0.030 ~g/1 is probably too 

high because it is based on bioconcentration factors measured in 

laboratory studies, but field studies apparently produce factors at 

least ten times higher for fishes. The available data indicate 

that acute toxicity to saltwater aquatic life probably will only 

occur at concentrations above 10 ~g/1 and that the 24-hour average 

criterion should provide adequate protection against acute tox-

icity. 
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INTRODUCTION 

Polychlorinated biphenyls (PCBs) are the chlorinated deriva

tives of a class of aromatic organic compounds called biphenyls and 

are manufactured by the direct chlorination of the biphenyl ring 

system. The commercial products are complex :miJctures of chlorobi

phenyls and are marketed fo.r various uses accc>rding to the percent

age of chlorine in the mixture. Currently there is no production 

of PCBs in the United States but the sole producer of PCBs in the 

United States previou:sly .marketed four mixtures containing 21 per

cent, 41 percent, 42 percent, and 54 percent chlorine for use only 

in closed electrical systems under the regi:stered trademark Aro

clor. Prior to 1971, .mixtures containing up 1:o 68 percent chlorine 

were used in a number of other applications, including plasticiz

ers, heat transfer fltuids, hydraulic fluids, fluids in vacuum pumps 

and compressors, lubricants, and wax extenders. 

In 1974 approximately 65 to 70 percent c>f domestic sales were 

to manufacturers of capacitors and the remainder to manufacturers 

' 

of transformers while approximately 450,000: po·unds of PCBs were 

imported primarily f<)r use in non-closed systems. Production in 

the United States ap,>.eared to be one-half of. the world total. 

As a result of the long life of many products containing PCBs, 

' 

it is believed that a substantial portion of the PCBs manufactured 

before 1971 are still in service and thus represent potential pol

lution through possible future discharge into the environment. 

During the period 1972 to 1974, domest~ic production of PCBs 

averaged approximately 40 million pounds per year with 33 million 
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pounds representing the annual domestic marketed consumption during 

that period. 

Although the environmental behavior and biological activity of ~ 

a number of individual chlorobiphenyl isomers have been studied in 

recent years, it is still difficult to evaluate the potential tox

icity of the complex mixtures actually found in the environmen·t 

since their composition often changes. In making this evaluation 

it is necessary to weigh carefully the results of studies of indi

vidual compounds, and to compare critically the environmental and 

toxicological properties of the commercial mixtures. 

A further complication is that several commercial PCB mixtures 

have been reported to contain small quantities of highly toxic con

taminants, polychlorinated dibenzofurans (PCDFs) • Certain of the! 

toxic effects observed in animals and humans exposed to PCBs appear 

to be attributable to PCDFs, while others appear to be caused b~; 

PCBs themselves. There is also some evidence that small quantities 

of PCDFs may be formed from PCBs while in service or as ~ result of 

metabolic changes in certain organisms·. 

PCBs consist of a mixture of chlorinated biphenyls which con

tain a varying number of substituted chlorine atoms on the aromatic 

rings. The biphenyl molecule has a total of ten sites where chlo

rine substitution can be accommodated as shown in the following 

structure: 
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The potential positic;ms for chlorine substitution are numbered 

according to the Am~er ican Chemical Society standard notation. 

Chlorinated biphenyls· having the same number .'of chlorine atoms per 

. molecule are referred! to as a specific class of chlorobiphenyls, 

with a suitable nume:c ical prefix to define .the number of substi

tuted chlorines. Henc:e, there are classes vaJ~ying from monochloro

biphenyls to decachlc)robiphenyls. All comp4:)Unds within the same 
' 

class have the same Jli1olecular weight and are structural isomers of 

each other. They differ only in terms of the location of the chlo-

r ine atoms in the biphenyl ring. The ten classes of chlorobi-

phenyls, comprising 209 possible isomers, are summarized in 

Table .1.. 

Chlorobiphenyls with five or more chlorinEt atoms are referred 

to as "higher chlorobiphenyls." This distinc:tion is made in recog

nition of the fact that the former group of compounds is much m~~e 

persistent in the en.vironment than the latter group. The tetra

chlorobiphenyls are intermediate in persistence. 

The physical p~::operties of individual chlorinated biphenyls 

are known (Cook, 19'72). The physical pro1,erties of the Aroclor 

mixtures are summarjLzed in Table 2. Lowe~:: c:hlorinated Aroclors 

(1221, .L232, 1016, l24.;l., and 1248) are colox~less mobile oils. In-

creasing chlorine con.tent results in mixtureus taking on the consis

tency of viscous liquids (Aroclor 1254) or sticky resins (Aroclors 
I 

l260 and 1262). Aro1clors 1268 and 1270 are l:)f white powders. With 

the exception of Arc)clors 1221 and 1268, AJ::oclors do not crystal

lize upon heating or cooling but at a specific temperature, defined 

as a "pour point," c:hange into a resinous state. 
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TABLE l 

Empirical Formulation, Molecular. Weights, 
and Chlorine Percentage in PCBsa 

Empirical Formula Molecular Percent 
Chlorobiphenyls weight Chlorineb 

c128 1o 154 0 

c 12a 9c1 188 .1.8.6 

cl2a8cl2 222 31.5 

c 12a7c13 256 41.0 

C12H6Cl4 290 48.3 

c12a5cl5 324 54.0 

C12H4Cl6 358 58.7 

c 12a 3c17 392 62.5 

cl2a2cl8 426 65.7 

c12a 1c19 460 68.5 

c12c11o 490 79.9 

asource: Hutzinger, et al. 1974 
bBased on Cl 
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No. of 
Isomers 

1 

3 

12 

24 

42 

46 

42 

~4 

12 

3 
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TABLE 2 

Physical Properties of Commercial PCBs (Aroclors)* 

Property 1221 1232 1016 1242 124ti 

Chlorine, percent 20.5-21.5 31.4-32.5 41 42 48 

Specific Gcavity l.ltl2-.t.l92 1. 270-l. :l80 1. 362-J.. J72 1.39.1.-LJ92 1. 40~-J.. 4.1.:> 

(25°/15.5°C) (2)0 /15.5°C) t25°/15.5°C) (2!>0 /l5.)°C) (ti!>0 /.&.5.!>°C) 

Digtillation Range 275-J20 290-325 323-35b 325-J66 340-J7) 
c Corrected 

>' Vapoc Pressure 
-4 -4 

I 4.06x.l.O 4.~4x.l.O 

Ul (mm/HS) 

Evapobation loss (%) 1.0-1.5 1.0-1.5 0-0.4 0-0.3 
J.OO C 6 hc. 

USTA D-6 Mod. J.0-3.b 3.0-4.0 
. - 0 -· ----- -------

J.60 c, 5 hr. 

Pour Point°C 1 (Crystal) -35.5 -19 -7 

(WTM E97) F 34 (Crystal) -32 2 19.4 

water sglubility 200 225-250 240 !>4 
at 25 C(l19/l) 
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TABLE 2 (cont.) 

Physical Properties of Couercial PCBs (Aroclors)* 

Property 1254 1260 1262 1268 J.270 

Chlorine, percent 54 60 61.5-62.5 68 7J. 

Specific Gravity 1.495-1.55~ !. 5~5-l. 566 !.572-1.583 l. 604-1.611 l.~44-L~60 

(65°/15.5°C) (90°/15.5°C) (90°/15.5°C) (25°/25°C) t25°/25°C) 

Digti11ation Range 
C Corrected 

365-390 385-420 390-425 435-450 450-460 

> Vapor Pressure 7.71xJ.0-5 4.05x10-S 
I (mm/HS) 
0\ 

Evapo&ation loss (\) 
100 c 6 hr. 0-0.:l 0-0.J. 0-0.J. 0-0.6 

USTA B:6 Mod. 
J.60 Ct 5 hr. 

1.1-1.3 0.5-0.8 0.5-0.2 0.1-0.~ 

Pour Point°C 10 31 35-38 
(WTM E97) F 50 88 99 

. Water sg1ubi1ity 
at 25 Ct\19/1) 

12 2.7 

*Source: Versar, Inc., 1976 
Hutzinger, et a1. 1974 
Mieure, et al. 1976 
'l'ucker, et al. 1975 
Mackay and Wolkoff, 1973 

,, ,, 
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It is known from the studies of pesticides that soi:. moisture 

and evaporation of w.ater have a strong influe11ce on the rate of 

chlorinated hydrocarbon volatilization from soils and sand. Haque, 

et al. (1974) demonst.rated that the periodic e•11aporation of water 

from Ottawa sand enhalnced the total volatili:~ation of Aroclor 1254 

but reduced the degree of differentiation in the volatility of the 

higher chlorinated biphenyls (71 6, and 5 chlorine aroms) from the 

tetrachlorobiphenyls... However, when Aroclor 1254 was heated in 

water at 100°C the to~tal volatilization of this Aroclor was reduced 

compared to equivalen.t dry isothermal conditionls, but the differen

tiation in volatility between the higher .and lower chlorinated 

biphenyls was increa1aed (Bowes, et al. 1975) • 

Mackay and Wolkoff (1973) calculated theoretical evaporation 

rates for various Aroclors from water and, predicted very rapid 

volatilization rates. Under laboratory conditions, PCBs appear ~o 

volatilize fairly rnpidly from water in aq:uaria (Uhlken, et al. 

1973) and even from flasks plugged with glas:s wool (Oloffs, et al. 

1972). Under the same conditions, volatilization was markedly 

reduced in the presence of sediments (Oloffs;, et al. 1973). Renee 

in natural waters, )Lt would seem likely thi!lt absorption to sedi

ments would limit the rate of volatilization. 

Solubilities of the individual chlorinated biphenyls in water 

have been studied by several workers and an inverse correlation 

between solubility and degree of chlorinat:ion has been reported 

(Wollnofer, et al. ,1973: Haque and Schmedcling 1 1975: Metcalf 1 et 

al. 1975). The problem in obtaining true StOllltion equilibria data 

for PCBs in water hals been explained by Schc~or (1975) who has given 
i 
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evidence that solutions of PCBs in water are in fact stable emul

sions of PCB aggregates and that the true solubility of Aroclor 

1254 is less than 0.1 ~g/1 in fresh water and 0.04 ~g/1 in marine 

water. 

Chlorobiphenyls are freely soluble in relatively nonpolar 

organic solvents (Hutzinger, et al. 1974) and lipids in biological 

systems (Metcalf, et al. 1975). Metcalf, et al. have reported 

octanol/water partition coefficients in the range of 10,000 to 

20,000 for representative tri-, tetra-, and pentachlorobiphenyls. 

Partition coefficients with this biphasic solvent system have been 

found to correlate well with ecological magnification factors in 

aquatic organisms (Metcalf, et. al. 1975). 

PCBs are strongly adsorbed on solid surfaces, including glass 

and . metal surfaces in laboratory apparatus (Schoor, 1975) and 

soils, sediments, and particulates in the environment (Haque, et 

al. 1974~ Oloffs, et al. 1973~ Crump-Wiesner, et al. 1974; Dennis, 

1976; Munson, et al. 1976, Pfister, et al. 1969). 

In aquatic environments, PCBs are associated with sediments 

and are usu~lly found at much higher concentrations in sediments 

than in water in contact with them (Young, et al. 1976; Crump

Weisner, et al. 1974; Dennis, 1976). As with other chlorinated 

hydrocarbons, PCBs.are probably associated particularly strongly 

with micro-particulates of 0.15 ~m diameter or less (Pfister, et 

al. 1969). 

PCBs are commercially produced by the chlorination of the 

biphenyl ring with anhydrous chlorine in the presence of iron fil-

ings or ferric chloride as the catalyst. The crude product is 

A-8 



purified to remove the.c91or and traces of the by-t:)rocuct 1-tydrogen 

chloride, and the catalyst by treatment with all~ali and subsequent 

distillation. The purified product is a complex mixture of the 

chlorobiphenyls, the precise composition depending on the condi

tions under which the chlorination occurred. 

It has been reportE~d that foreign PCB mixt1~res are similar in 

composition to one of the 10 Aroclor products previously rnanufac-

tured in the u.s. GelS liquid chromatograms of ~henoclor OP6 

(France), Clopen A60 (Germany), and ·Aroclor 12~50 (U.~.), all mix

tures containing 60 perc:ent chlorine, show th~t these mixtures are 

virtually identical (Tas and de Vos, 1971). J·ensen and Sundstron 

(1974) have shown that C!lophen A60 and A50 (Gernaany) are very simi

lar in isomer compositi<)n to Aroclors 1260 and 1254 (U.S.), respec

tively. Table 3 lists the distribution of the various classes of 

chlorobiphenyls in seven major Aroclor mixtu:~es as reQOrted by. 
:,' 

Mieure, et al. (1976), Webb and McCall (1973) ,, and T:Urwe, · et al. 

(1974). The small difjEerences in analytical r.esults reported for 

Aroclors 1242 and 1254 nl\ay reflect either diffet:ences in analytical 

methods or variations in sample constitution. 

Certain substi tutJLon patterns are believ«td to influence the 

biological activities of chlorobit;)henyls. 't'he l;)resence of two 

. adjacent carbon atoms "i thout chlorine substi tlltion in one or both 

rings is believed to facilitate metabolism bec:ause it oermi ts the 

formation of arene oxide intermediates (Safe, et al. 1975). Essen

tially all chlorobiphenyls with five or fewer.chlorine atoms have 

at least one pair of ad1acent unsubstituted ca~:·bon atoms because of 

the rarity of 3,5-substitution in the natural mixtures. 
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TABLE 3 

Approximate Molecular Composition of Aroclors (%) 

Chlorobipheny1 1221 1232 1016 1242 1248 1254 1260 
1 2 2 1 1 2 3 2 1 2 3 2 

c12111o 11 7 6 'J'r Tr - - - Tr 

c12u9c1 51 51 26 1 1 1 Tr - Tr 

cl2uac12 32 38 29 20 16 17 4 1 0.5 

c12n7c13 4 3 24 57 49 40 39 23 1 - 0.5 
)11 

C12H6C14 2 - 15 21 25 32 42 50 21 16 36 I .... 
0 

c12H5C15 0.5 - 0.5 1 8 10 14 20 48 60 45 12 

Cl2H4Cl6 - - - 'J'r 1 0.5 - 1 23 23 18 46 

C12H3C17 - - - - Tr - - - 6 1 1 36 

c12u2c18 - - - - - - - - - - - 6 
c12u1c19 

c12c11o - - - - - - -
Tr - Trace ( < 0.1 percent) 
Source: 1Mieure, et al. 1976 

2webb and McCall, 1973 
3uirwe, et al. 1974 

',I ,J; 
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Jensen and Sundstrom (197 4) presented ev iclence that chlorooi

phenyls with three or four chlorine atoms in t.he ortho- positions 

(2- and o- positions) are more easily metabolizea by humans than 

those with only one or two ortho-chlorines. Compounds with three 

or four ortho- substituted chlorines are vir.tua.lly absent from Aro

clors L016 and 1242 but are fairly well represented in Aroclors 

1254 and ..1.260 (Clopens A50 and AoO, respectively). 

McKinney (1976) hats suggested that chlorobiphenyl isomers witn 

chlorine substitution in both the 4- and 4' positions tend to be 

biologically active and well retained in tissues. The number and 

proportion of these· iSt:)mers increase with increaJJing chlorination. 

McKinney 1 et al. (1976) have shown an assc1ciation between bio

logical activity anci substitutions in the 3~4-· or 31415- positions 

on one or both rings. The first pattern is frE~quently found in PCB 

mixtures out the seco111p is found only as part o:f the 213, 4, ~-pat~ 

tern which is found in only trace amounts in J:1CBs. 

Toxic materials other than chlorinated • biphenyls have been 

found in commercial PCB mixtures. Vos, et al. (1~70}, Bowes, et 

al. (1975) 1 Roach and Pomerantz (1974) 1 Nagaymna, et al. (1976), 

and Kuratsune1 et al. (1976) have detected pol:fchlorinated dibenzo

furans (PCDFs) in a number of domestic and foJceign PCB mixtures at 

levels of 0.8 to 33 mg/kg. While 119 structurally different PCDF 

isomers are possible, only two have been prncisely identifiea to 

date, the 2,3,7,8-tetrachloro- and the 2,3,4~7,8-pentachlorodi

benzofur ans (Bowes, e1c al. .1.975) • 
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Polychlorinated naphthalenes (PCNs) have also been identified 

in small quantities in Clopen A60 and Phenochlor OP 6' (both corre

sponding to Aroclor 1260), Aroclor 1254, and KC-400 (corresponding 

to Aroclor 1248) (Vos, et al. 1970: Roach and Pomerantz, 1974: 

Bowes, et al. 1975). 

There appear to be no authenticated reports of polychlorinated 

dibenzo-p-dioxins (PCOOs) in commercial PCBS (Bowes, et al. 1975). 

The presence of potentially toxic compounds other than polychlori

nated biphenyls in commercial PCB mixtures complicates both analyt

ical and toxicological evaluation of such mixtures. 

PCBS are considered to be inert to almost all of the typical 

chemical reactions. PCBS do not undergo oxidation, reduction, 

addition, elimination, or electrophilic substitution reactions 

except under extreme conditions. Chlor ines can be replaced by 

reductive dechlorination with any metal hydride such as lithium 

aluminum hydride· but temperatures of 245°C or greater are required 

to effect chlorine displacement. 

The reactions of environmental importance that PCBs appear to 

undergo include alkali- and photochemically~catalyzed nucleo

philic substitutions and photochemical free radical substitutions, 

all of which occur with alkali and water. 

Photolysis generally has been found to give one type of pro

duct under environmental conditions (Hutzinger, et al. 1972, 1974: 

Ruzo, et al. 1972, 1974: Ruzo and Zabik, 1975: Rerring, et al. 

1972). Chlorine is replaced by hydroxy groups in aqueous systems. 

A marked incr.ease in rate of PCB photolysis was observed when 

solvents were degassed prior to irradiation (Ruzo, et al. 1974) ... 
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oxygen is known to act as a free radical qu•encher by accepting 

energy from free radicals ,.before any chemical chan9e can occur. 

This increase in rate therefore implies that a free radical process 

is occurring and in the environment these photoc:hemical transforma

tions will be erthanced under anaerobic conditions. 

The photochemical behavior of higher chl<)robiphenyls appears 

similar to that of the tetrachlorobiphenyls . (Hutzinger, et al. 

19721 Herring, et al. :L972). Irradiation of Aroclor 1254 in aque

ous solution gave rise to dechlorinated and hydroxylated products 

(Hutzinger, et al. 1972). Hexa- and octachlon~obiphenyls are more 

photochemically reactive than tetrachlorobiph4!nyls, so that under 

irradiation the higher components of Aroclor 1254 are selectively 

degraded (Hutzinger, e:t al. 19727 Herring, et al. 1972). 

The creation of free radicals by sunlight. allows the environ

mental replacement of ,chlor ines by hydroxy qrctups from water with:-: 

out the intervention c'f alkali. When this Ctccurs at the or tho-

position (found to be the most preferred foJ; chlorine loss) the 

resulting 2-hydroxychlorobiphenyl is perfectl~r positioned to allow 

oxygen to bond to an C)rtho- position of the o1thcer ring. This re

sults in the creation of potentially the mos1t:. important class o€ 

contaminant in commercial mixtures of PCBs, thea chlorodibenzofurans 

(CDFs) • 

Irradiation studies on either Aroclor 1254 or 2,5,2',5'-tetra-

chlorobiphenyl (Hutzinger, et al. 1972) in hydroxylic solvents have 

shown the formation of phenolic com'l';)ounds, c:arboxylic compounds, 

and polymers along wi·th dechlorination. Activation of the phenyl 

rings by metals or metallic salts make thelt't more susceptible to 
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hydroxylation. Thus, in the environment, eitper heat, light, or 
~~ 

metals and metal salts in water could theoretically accelerate the 

transformation of PCBs to PCDFs. The ultraviolet component of sun- ~ 

light is sufficiently energetic to generate free radicals from both 

phenols and PCBs.· The energies requirea to break the Ar-Cl bond to 

form hydroxy-PCBs in a hydroxylic solvent and ArO-H bond to form 

CDFs correspond to wavelengths near 360 to. 320 ,nm, ·respectively. 

These wave lengths are clearly within the sunlight region. 

Irradiation experiments with five pure 2-chlorinated bi

phenyls as 5 mg/1 aqueous suspensions, showed that traces of 

2-chlorodibenzofuran were detectable although· only the 2,5-di

chloro- and the 2,5,2' ,s•-tetrachlorobiphenyls • provided identifi

able amounts or approximately a 0.2 percent yield during a seven

day irradiation (Crosby, et al. 1973, Crosby and Moilanen, 1973). 

The environmental significance of this is fourfold: (l) ortho-

chlorobiphenyls can be hydroxylated by radiation similar to sun

light when they are suepended in aqueous media,, l2) the product(s) 

are converted to CDFSJ · (3) rates of CDF formation by this process 

are approximately: the same as their rates of d~gradation, leading 

to an approximately steady concentration, and <4> decomposition of 

2,8-dichlorobenzofuran was found to De very slow in aqueous suspen

sion but dehalogenation did not take place to form the relatively 

photolytically stable 2-chlorodibenzofuran (Crosby ana Moilanen, 

1973). 

In addition to photochemical and metallic salt formations of 

PCDFs from PCBs, a third route of formation has been suggested. 

Kanechlor KC-400 (analogous to Aroclor 1248) having an intitial ~ 
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PCOF content of 20 mgf~g, was shown to undergo conversion as the 

heat transfer fluid in a heat exchanger to give PCBs with a PCDF 

content of 4,975 to ll,76!l mg/kg (Nagayma, et c!lo l97o; Kuratsune, 

et alo l976)o This material was identified as the agent which poi

soned a large number of Japanese in 1968 o A ~~eneral disadvantage 

of PCBs in many of their applications includin~~ electrical capaci

tor and transformer Uf:Jes as well as heat transfer uses is their 

tendency to decompose u;nder the action of heat or electrical arcing 

to .Corm potentially mo1~e toxic products (Broadhurst, !972) o 
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Aquatic Life Toxicology* 

INTRODUCTION 

Most data for polychlorinated biphenyls (PCBs) :found in the literature 

are from studies concerned with tissue levels in f·ish, marm1als, and birds, 

without correlation with source or exposure concentrations. Many studies 

dealing w.ith various physiological parameters are also available but, again, 

are such that they are of 1 itt 1 e use here. A 1 so, IPCBs often do not appear 

to be very acutely toxic: to juvenile and adult freshwater fish and inverte

brate species in static: tests due to low solubility, and this can lead to 

erroneous judgments as t:o the actual toxicity of the compounds. 

PCBs occur as mixtU'res of chemical isomers that differ in the ~mount of 

chlorination of the biphenyl struc.ture; they have l?ee11 treated herein as a 

single entity. Polychlorinated biphenyls were mar1ufactured by the direct 

chlorination of biphenyl; production in the Unitecl States has now ceased. 

These mixtures were idcantified under the trade names Aroclor® and capaci

to,®, and sold· on the basis of percentage chlorinE! (e.g., 21, 42, 54, and 

60 percent). Because each component of the mixtures differs slightly in its 

physical, chemical, and biological properties, and because a possible 209 

different chlorobiphenyls may be produced, the evaluation of the potential 

impact of the various mtxtures on the environment is complicated. 

PCBs are highly lipophilic and bioconcentrate to high concentrations in 

tissue from concentrations in water that are ·often below the usual 

*The reader is re.ferred to the Guidelines for Oet·iving Water Quality Cri
teria for the Protection of Aquatic Life and Its Uses in order to better un
derstand the following discussion and recornnendation. The following tables 
contain the appropriatE! data that were found in the literature, and at the 
bottom of each table a·re calculations for deriving various measures of tox-
icity as described in the Guidelines. 
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detection limits. When an evaluation of the impact of PCBs on the environ

ment is performed, it is· necessary to relate the data gathered in laboratory 

experiments with relatively pure mixtures to what happens to the mixtures in 

nature. There is evidence that percentages of chlorine change with time and 

location .as the mixtures are transported through the environment. For exam

ple, the proportion of major peaks of Aroclo.® 1254 in shrimp and fish 

captured from Escambia Bay, Florida, differed from each other (Nimmo, et al. 

1971). The major peaks in these orga~isms and in organisms from laboratory 

studies (Hansen, et alo 1971) also differed from the standard used to calcu

late the amounts of the chemical in tissues. Results of environmental moni-. 
toring by Butler and Schultzmann (1978) showed that PCBs identified in 

fishes, Pacific staghorn sculpin and English sole from the Ouwamish River in 

the state of Washington, during the period of fall 1972 to spring 1976, 

changed from those resembling Aroclo.® 1254 to those resembling Aroclo~ 
1260 and, later, Aroclo.® 1242. 

EFFECTS 

Acute Toxicity 

The acute toxicity data base for freshwater invertebrate species con-

tains 12 values for three species. These values were from both static and 

flow-through tests; the flow-through tests showed an LC50 ra~ge from 10 

JJg/1 for scud, Gamarus fasciatus, to 400 "g/l for the damselfly, Ischnura 

vertical is. 

Six 96-hour LC
50

. values (Table 1) are available for four freshwater 

fish species; all of these are from flow-through tests with measured concen

trations. Newly hatched rainbow trout were the most sensitive species 

tested, with a 96-hour Lc50 of 2.0 "g/1 for Capacito.® 21 · (21 percent 

chlorine); largemouth bass were almost equally sensitive with a 96-hour 
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LC
50 

of 2.3 ll911 (B1rge, et al. 1979). The fathead minnow had a similar 

·f'R'I LC
50 

of 7.7 llg/l for ArocloP.l254 (Nebeker, et al.; 1974). All of the 

acute values for fish species are for newly hatched fishes, reflecting their 

much greater sensitivity as compared to the other fish life stages. 

The toxicity of PCBs ctppears to be simi 1 ar for b<)th fish and inverte

brate freshwater species if test methods are considered. The lowest species 

mean acute value is 2.0 llg/1 for rainbow trout (Table 3). 

The LC
50 

or EC
50 

vctlues for saltwater invertebrate species range 

from 10.2 to 60 11g/l (Tablle 1). The available data s;hO'II little difference 

in the acute toxicity o{ different Aroclor®. Thh low variability in 

species sensitivity and small difference in acute toxicity of the Aro

clor~ tested could be real. However, it is likely that this is a func

tion of the small number of species tested and that the solubilities of PCBS 

are less than their acute toxicities. 

Acute toxicity tests 01f PCB mixtures to saltwater fish species have not .. 

produced data that can bE! used to obtain 96-hour LCs;o values because con

centrations tested were Mt sufficiently high (Table .6).. Pinfish were not 

affected in 48 hours by 100 llg/l Aroclo~ 1254 (Duke, et al. 1970). 

Eighteen percent of the pinfish died after 96 hours in water to which 100 

llg/l Arocl o.® 1016 was added, compared to 2 percent of the contro 1 fish, 

(Hansen, et al. 1974a). Additional tests with saltwater fish species at 

slightly higher concentrations might have given data siu.fficient to calculate 

96-hour LC
50 

values. However, possible problems could exist in validity 

of acute tests with PCBs .because of their low solubility in water (Schaar, 

1975; Wiese and Griffin, 1978). 

There are too few da1:'a for PCBs and freshwater cir saltwater species to 

calculate a Freshwater or Saltwater Final Acute_ ValuE! according to the pro-
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cedures described in the Guidelines. Species mean acute values are 

summarized in Table 3. 

Chronic Toxicity 

Results from six chronic tests with three freshwater invertebrate spe

cies, Daphnia magna, Gammarus pseudolimn.aeusv and the midge, Tanytarsus !!1.!.
similis, are shown in Table 2. The chronic values for Daphnia magna of 4.3 

11g/l for Aroclo,®. 1248 and 2.1 pg/1 for ArocloJID 1254, were from flow

through tests with measured concentrations (Nebeker and Puglisi, 1974). The 

value of 0.8 11g/l for the midge with Aroclo.® 1254, and ttie two chronic 

values of 4.9 11g/l for Aroclo,® 1242 and 3.3 sag/1 for Aroclo.® 1248 for 

Gamnarus pseudolimnaeus, were also from flow-through tests with measured 

concentrations. 

Five freshwater flow-through tests with measured concentrations have 

been conducted with two fish species, four with fathead minnows and one with 

brook trout (Table 2). The most to~iic Aroclo.® to fathead minnows was 

Aroclo.® 1248 which gave a chronic value of 0.2 119/1 {Defoe, et al. 1978); 

chronic values for Aroclo..® 1242, Aroclor® 1254, and Aroclor® 1260 

were 9.0, 2.9, and 2.3 11g/l, respectively (Nebeker, et al. 1974; DeFoe, t!t 

al. 1978). A chronic value of 1.0 sag/1 for·Aroclo..®·1254 was obtained by 

Mauck, et al. (1978) for the brook trout. 

Two geometric mean acute-chronic ratios are calculable; these are 6.4 

for the fathead minnow and 11 for the scud, Gamnarus pseudolimnaeus (Table 

2). 

No chronic tests have been reported in which saltwater invertebrate spj!

cies were exposed to PCBs. 

In an early-life-stage test (Table 2) with the sheepshead minnow, fer-

ti 1 ization was not .affected by Aroclor® 1254, but s 1gn1f1cant1y fewer e1n- . 
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bryos survived to hatching' in a measured concentratiora o'f 3.48 11g/l (Schim

mel, et al. 1974). Surviviill of .. fish dur1ng the two we,eks following hatching 

was significantly less in 0.16 11g/l, but not different from controls in 0.06 

11g/l. 

In a study to determirae the effect of PCBs in fish embryos on survival, 

Hansen, et al. (1973) ex~1osed adult sheepshead minncws for four weeks to 

Aroclo~ 1254 (Table 6). 'Adult fish exposed to 5.6 11g/l died, but those 

in 1.1 11gl1 or lower appar·ently were not affected. Embryos from adult fish 

exposed to concentrations as low as 0.14 11g/l were placed in PCB-free flow

ing saltwater and observed for four weeks. Fertilization success was not 

affected by PCBs in embry'os, but survival of embryos and the resulting fry 

was reduced (Table 6). Fr·y from embryos containing 7 .. 0 1lolg/g or more of PCB 

began dying a few hours after hatching. The concentra,tion in embryos calcu

lated to be lethal to 50 percent of the fish was 6.1 pg/g. If PCB affects 

other species similarly, then other fish species with equally high concen

trations of Aroclo$1> 1254 in their embryos may be endartget•ed. 

The effect of anothe1'' PCB, Aroclo.® 1016, in wetter· on fry, juvenile, 

or adu 1 t sheepshead mi nn~•.s was determined in a 4-week exposure (Hansen, et 

al. 1975)(Table 2). Sur"ival of all three life stages was reduced in 15 

11g/l but not in 3.4 pg/'1 or less. Unlike Aroclo$i) 1254, as much as 77 

pg/g of Aroclo~ 1016 in embryos apparently did not affect survival of 

embryos and fry in water h·ee of this PCB. 

Concentrations of Arctclo~ 1016 and 1254 affecting sheepshead minnows 

in chronic exposures differed markedly (7 .14 and 0.098 pg/l); similarly, 

life-cycle tests with the fathead minnow and Aroclctr~ 1242, 1248, 1254, 

. and 1260 yielded chronic values of 0.2 t~ 9.0 11gl1 . {Table 2). Degree of 

chlorination in these tests using a freshwater fish species appears 

unrelated to extent of chronic toxicity and suggests that additional chronic 
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data on saltwater species for other Aroclors® may be needed to demonstrate 

adeauately the presence of a relationship between degree of chlorination and 

chronic toxicity. 

Chronic exposure of saltwater fish species to Aroclor~ produced 

pathological effects not observed in acute tests. Hansen, et al. (1971) re

ported signs of poisoning in pinfish exposed to 5 "g!l Aroclo.® 1254, such 

as fungus-like lesions on the body, hemorrhagic areas around the mouth, 

ragged fins etc.; and.41 to 66 percent mortality occurred. Signs of poison

ing in adult sheepshead minnows exposed to 10 'llgl1 Aroclo~ 1254 and juve

n i 1 e sheepshead minnows exposed to 0.16 '119 11 or greater inc 1 uded 1 ethargy, 

fin rot, and reduced feeding (Hansen, et a1. 1973; Schimmel, et al. 1974); 

decreased survival occurred at concentrations where th~se signs of poisoning 

were observed (Table 6). 

Spot exposed to 5 'llgl1 Aroclo.® 1254 for two weeks or longer sho,~ed 
fatty changes in their livers (Nimmo, et al. 1975). In intermediate stag~s 

of liver pathogenesis in fish species exposed to Aroclo.® 1~54, there were 

extreme fatty changes characterized by the presence of large vacuoles within 

hepatocytes and disorientation of liver cord distribution.' In advanc:ed 

stages of pathogenesis in moribund fish, there were intracellular PAS-posi

tive bodies (ceroid), congestion of blood sinuses, and seve're vacuolation 

(Table 6). 

Chronic toxicity tests, including early-life-stage tests with fishes, 

demonstrate that the toxicity of PCBs increases with increased duration of 

exposure. Because data on the acute toxicity of PCBs to saltwater organisms 

are limited, the relationship between acute and chronic toxicity is poorly 

understood. Available data (Tables 2 and 6) from chronic tests demonstrate 
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that Aroclo.® 1254 affects. saltwater organisms at concentrations as low as 

0.14 "g/l and Aroclo,® 1016 affects pinfish at 15 ll'Q/1. No effects have 

been observed at 0.06 lJQ/1 for . Aroclor® 1254 and clt 3.4 l'Q/1 for Aro

clo.®1016. 

Plant Effects 

No appropriate freshwater plant effects data are a,#ai lab le, but informa

tion which has been found for plants is given in Tab lei 6. Information con

cerning the sensitivity of' saltwater plant species is :restricted to unicel

lular algae (Table 4). Fisher and Wurster (1973) found that the growth of 

the diatom, Rhizosolenia !!!tigera, was reduced in a medium to which 0.1 Jlg/1 

Aroclo.® 1254 was added. Likewise, Fisher, et al,, (1974) demonstrated 

that 0.1 11g/l Aroclo.® 12S4 added per liter of watey· changed the species 

ratio of the alga, Ounali!ll!. tertiolee.ta, and the diatom, Thalassiosira 

pseudonana. Fisher, et al .; (1974) also showed a decre1ase in species ·diver

sity and species ratio chilnge in natural phytoplanktctn conmunities at 0~1 .. 

Jlg/l Aroclo.® 1254. In sumnary, some data suggest that unicellular plants 

are affected by concentrations of PCBs similar to COII1Centrations that are 

chronically toxic to animals. Unfortunately, no data tJISing measured concen

trations were presented, clnd it 1s difficult to intorpret the ecologica 1 

significance of these studies. 

Residues 

Table 5 contains the results of 21 appropriat1! freshwater residue 

studies as defined by the Guidelines. The studies in:e:lude only laboratory 

data for invertebrate and fish species and show a wid:e range of bioconcen

tration factors (BCF). Fr·eshwater field studies wer·e placed in Table 6 

rather than Table 5 becausE! it could not be shown that the PCB concentration 

in water was constant fer cl long period of time over the range of territory 
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inhabited by the organism. Freshwater invertebrate BCF values in Table 5 

range from 2,700 for the phantom midge exposed for 14 days to 108,000 for 

the scud, Gammarus pseudolimnaeus, exposed for 60 days. BCF values for ex

posures of fish species (Table 5) range from 3,000 for brook trout (fillets) 

exposed to Aroclo.® 1254 for 500 days to 274,000 for fathead minnows 

(whole body} exposed to Aroclo~1242 for 255 days. 

The BCF values of PCBs in saltwater species in laboratory tests are also 

shown in Table 5. The diatom, Cylindrotheca closterium, had a BCF of 1,000 

(Keil, et al. 1971); Eastern oyster, up to 101,000 (Low,e, et al. 1972; Par·

rish, et al. 1974); grass shrimp, Palaemonetes pugio, 27,000 (Nimmo, et a1. 

1974}; and in the three fish species listed, Leiostomus xanthurus, Cyprin~

~ variegatus, and Lagodon rhomboides, as high as 43,100 (Hansen, et al. 

1971, 1973, 1974a, 1975}. Bioconcentration factors for PCBs jn five of six 

species of freshwater fishes in laboratory tests were generally similar to 

BCF values for saltwater species. Variation in BCF values among species ·;s 

greater than the variation in BCF values when one species is exposed to var

ious Aroclor~ For example, BCF values in adult sheepshead minnows eJ(

posed under similar conditions averaged 25,000 for Aroclo.® 1016 and 

30,000 for Aroclo~l254. 
Bioconcentration factors calculated from data from Escambia Bay, Flori-

da, were greater than 230,000 for blue crab, greater than 100,000 for oy

sters, and greater than 670,000 for speckled trout ·(Duke, et al. 1970; 

Nimmo, et al. 1975}. These data, and field data on freshwater fish species, 

suggest that either BCF from 1 aboratory studies underestimate bioconcentra

tion potentials of PCBs in the environment or that water samples from fi~ld 

studies inadequately characterized ambient concentrations of PCBs (Hansen, 

1975). 
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The b1oaccumulat1on of PCBs into aquatic organisms:from PCBs in food and 

in water and the effects of PCBs on manmals that feed on fish and shellfish 

are important. The lowes·t maximum permissible tissUie concentration (0.64 

11g/1) is based on the effe•:t of dietary PCBs on mink (Platonow and Karstad, 

1973). Significant effects on reproduction of mink 'lterE! observed at this 

concentration but a safe concentration was not determinc!d. 

Dividing a BCF value by the percent 1 ipid value 1for· the same species 

provides a BCF value baseCI. on 1 percent 1 ipid content; this resultant BCF 

value 1s referred to as 1:he normalized BCF. Each of the BCF values for 

which percent lipid data a.re available was normalized by dividing the BCF 

value by its corresponding percent 1 ipid value. The ·geometric mean of the 

normalized BCF values was !then calculated to be 10,40(JI (Table 5). The ac

tion level for marketabfli·ty for human consumption estabHshed by the u.s. 
Food and Drug Administration (FDA) for PCBs in edible ·fislrl and shellfish is 

5.0 mg/kg. Dividing the FDIA action level of 5.0 mg/kg by the geometric mean ·· 

of normalized BCF values (10,400) and by a percent l'ipid value of 15 for 

freshwater species (see Guidelines) gives a freshwater residue value of 

0.032 ll911· Similarly, dividing the FDA action level ,of 5.0 mg/kg by the 

geometric mean of normalized BCF values (10,400), and by a percent 1 ipid 

value of 16 for saltwater species (see Guidelines) give~s a saltwater residue 
I 

value of 0.030 llg/1. The highest BCF value for edible portion of a consumed 

freshwater species is 9,550 for rainbow trout (Branso11, et al. 1975). 

Dividing this value into the FDA action level of 5.0 mg/kg gives a fresh

water residue value of 0.52 llg/1. The highest BCF value for edible portion 

of a consumed saltwater spc!cies is the value of 101,0<10 for Eastern oyster 

(Lowe, et al. 1972). Divfcllfng this value into the FDA action level of 5.0 

mg/kg gives a saltwater re~sfdue value of 0.050 "P9l1· f Thtese concentrations 

B-9 
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are probably too high because the average concentration in some edible spe

cies would be at the FDA action level. 

For wildlife protection, the lowest maximum permissible tissue concen

tration is 0.64 mg/kg for mink (Plantonow and Karstad, 1973), but this level 

adversely affected mink. Dividing this value by the geometric mean (45,000) 

of whole-body BCF values for salmonids (rainbow trout, 46,000; brook trout. 

42,000 and 47,000) gives a residual value for freshwater of 0.014 ~g/1. n,e 

mean BCF of 45,000 for salmonids is based only on laboratory ·data. Eleven 

BCF values for salmonids are available from field studies (Table 6). The 

highest is for the siscowet, but the other 10 range from 119,000 to 

2,333,000 with a geometric mean of ~56,000. Even if the con~entrations of 

PCBs in water in these field studies are not documented as well as desired, 

the total available information strongly indicates that field BCF values· for 

PCBs are probably a factor at 10 higher than the available laboratory BCF 

values. The data from Escambia Bay indicate that similar effects occur wi'th 

saltwater fishes (Table 5). The model developed by Weiniger (1978) provides 

a possible explanation for this difference between laboratory and field 

data. Thus the freshwater and saltwater Final Residue Values of 0.014 and 

0.030 pg/1, respectively, are probably at least a factor of 10 too high. 

Miscellaneous 

Table 6 contains data for other effects not listed in Tables 1 through 

5. The tests conducted by Birge, et al. (1979) with Capac ito~ 21 are 

flow-through early-1 ife-stage tests with measured concentrations, where em

bryos were tested from just after fertilization unti 1 4 days post-hatch 

(Table 6). Test LCso values for redear sunfish were 8 pg/1; for large-

B-10 
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mouth bass 1.5 l!gll; and for rainbow trout 2.0 \Jg/'1. These low values are 

( . 
very close to the data of Nebeker, et al • .(1974) alnd Defoe, et al. (1978) 

for fathead minnows (Table 2). 

Several studies have shown that tests for PCBs, lasting longer than 96 

hours {Table 6) provide a better estimate of long-term adverse effects {mor

tality, growth, patholo!~Y) than lethality in 96-hour tests. Aroclor® 1254 

killed pink shrimp at a concentration of 0.94 \Jg/1 w,ithin 15 days {Nimmo, et 

al. 1971). Pink shrimp exposed to 3.0 \Jg/1 for: 7 days were sensitive 

changes in salinity (Nimmo and Bahner, 1974). This ~;pecies also appeared 

more susceptible to a viral infection after exposure to Aroclo~ 1254 

(Couch and Ni111110, 1974a,l3). 

The growth rate (height and in-water weight) of Eastern oysters was sig

nificantly. reduced by exposure to 5.0 l!gl1 Aroc11o.aD 1254 for 24 weeks 

(Lowe, et al. 1972). l'hese oysters also displayed g•~neral tissue altera

tions in the vesilcular connective tissue (parench~na) around the digestive· 

diverticula of the hepatc)pancreas. 

Aroc 1 o.® 1254 was t1ox i c to the sa 1 twater amph i 1:10d, Gammarus ocean i cus, 

at a nominal concentrat~on of 10.0 llg/1 {Table 6) • Moltir)g animals were 

particularly vulnerable to the PCB. Necrotic branc:hia were found in some 

animals exposed for abou1~ 6 days to nominal concentra.tion of 1.0 llg/1. 

Aroclo.® 1254 affec·ted the species composition of comunities of es

tuarine animals that dE!veloped from planktonic larvae in saltwater that 

flowed for four mo~ths 'through small aquaria (TablE! 6; Hansen, 1974). The 

number of arthropods de1t:reased wh i 1 e the number of chordates increased in 

aquaria receiving 0.6 l!911 of the PCB. Numbers of phyla, species and in

dividuals were decreased! by this PCB, but there wa~; no apparent effect on 

the abundance of annelids, brachiopods, coelentE!rates, echiniderms, or 
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nemerteans. This study showed that a PCB can have marked effects on com

munity structure at concentrations not much different from those that 

produced chronic effects on single species. 

Su11111ary 

The acute toxicity of polychlorinated biphenyls {PCBs) to freshwater an-

imals has been measured with three invertebrate and four fish species, and 

the species mean acute values range from 2.0 to 283 "g/1. The data from 

flow-through tests with measured concentrations are similar for f.ish and in

vertebrate species, and probably accurately reflect the toxicity of the com

pounds. The data from static tests are more variable, and many may not re

flect actual toxicity~ due to volatility, solubility, bioconcentration, and 

a~sorption characteristics of the various PCB compounds. · Eleven life-cycle 

or part i a 1 1 i fe-cyc 1 e tests were camp 1 eted with three invertebrate and two 

fish species; the chronic values range from 0.2 to 15 pg/1. 

Species mean acute values for PCBs and saltwater animals range from 10.5. 

to 20 "g/1 from six tests on three invertebrate species. Two chronic tests 

have been conducted on the sheepshead minnow, providing chronic values for 

this species of 7.14 and 0.098 "g/1. 

The freshwater residue data show that PCBs accumulate to relatively high 

levels in fish and invertebrate tissues, and that for most species PCBs are 

not rapidly depurated when exposure is discontinued. Bioconcentration fac

tors for invertebrate species range from 2,700 to 108,000. Bioconcentration 

factors for PCB exposures of fish species range from 3,000 to 2741000. 

Bioconcentration data for PCBs in saltwater fish and invertebrate spe

cies show bioconcentration factors ranging from 800 to >230,000 for inverte

brate species and from 14,400 to >670,000 for fish species. 

B-12 
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The SCF values obtained from field data are generally apreciab?y higher 

than laboratory-derived BCF values, so Final Residue ·Value~ based on labora

tory-derived BCF values a1re probably at least a facto•· of 10 too high. 

Data available for freshwater plant species generally indicate that they 

are le.ss sensitive to PCBs than ·are invertebrates or fish species. Data 

available for saltwater 1plant species indicate that. unicellular plants are 

affected by concentratit:ms of PCBs similar to c1oncentrations that are 

chronically toxic to animals. 

CRITERIA 

For polychlorinated biphenyls the criterion to protect freshwater 

aauatic life as derived using the Guidelines is 0 .. 014 pg/1 as a 24-hour 

average. The concentration of 0.014 llg/1 is probably too high because it is 

based on bioconcentratiort factors measured in laboratory studies, but field 

studies apparently produce factors at least 10 times hi9her for fishes. The 

available data indicate that acute toxicity to fresh"1ater aquatic 1 ife prob-.. 

ably will only occur at concentrations above 2.0 pgJ'l and that the 24-hour 

average, should prov.ide adequate protection aganist ac:ute toxicity. 

For polychlorinated b~phenyls the criterion to protect saltwater aquatic 

life as derived using the Guidelines is 0.030 pg/1, as a 24-hour average. 

The concentration at 0.030 pg/1 is probably too high because it is based on 

bioconcentration factors :measured in laboratory studies, but field studies 

appat·ently produce factors at least 10 times higher for fishes. The avail

able data indicate that .acute toxicity to saltwater· aquatic 1 ife probably 

wi 11 only occur at concentrations above 10 pg/1 and t:hat: the 24-hour average 

should provide adeauate protection against acute toxic:ity. 
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Tltble •• Acute wluea tor fiOiyc:t.loriMted ltl.....,la 

s,. ....... 
LC50iEC50 Aalte Y•l• 

SI!!S!!!. MetMd• C.... I eel .JI!alU CIIAIU Refer..c:e 

FRESHMATER SP£CIES 

Scud, fT,M Aroclore 10 - Mayer, et el. 1917 
~us f•sclatus 1242 

Scud, s, u Aroclore 52 - Meyer, et el. 1977 
s--us fucletus 1248 

Scud, s. u Aroclore 2,400 10 Haver, et al. 1971 
s...arus fasclatus 1254 

Scud, fT,M ArociOJ4 n - Hllbek..- & Puglisi, 
~rus pseudollan.wus 1242 1974 

Scud, FT,M Aroclore 29 - Nebeker & Puglisi, 
s-r"ul pseudoll.naaus 1248 1974 

Scud, 
a-rus pseudoll.....,s 

s. u 2,1,4 1-trlchloro-
biphenyl 

70 - Mayer, et ol. 1977 

tit 
I Scud, s, u 4,4 1-dlchloro- 100 - Meyer, et al. 1977 ... 
~ s-rus eseudoll.nseus biphenyl 

Scud, S, U 2,4•-dlchloro- 120 - Meyer, et al. 1977 
GMiliilrUS j!SfiOidol l&anGCUS blplteayl 

Scud, s. u 2,4,6,2',4 1,6 1- 150 - Meyer, et al. 1977 
o-r-us pseudo I honeeus blxachloroblphenyl 

Scud, s, u 2,4,5,2' ,5•- 210 46 Meyer, et al. 1977 
o-rus pseudoll•eeus pontachloroblphenyl 

O.S.Ifly, FT,M Aroclore 200 - Meyer, et al. 1977 
lschnura v.rtlcalls 1254 

Deuel fly, 
· I achnure vert I ca lis 

FT,M Aroclote 
1242 

400 281 Meyer, et al. 1971 

Relnbow trout, FT,M Cepacltore 21 2.0 2 Birge, et al. 1979 
Sal.o galrdnerl 

Fathead •lnnow, FT,M Aroclore 15 - Nebeker, et al. 1974 
Pl..ehales pro.elas 1242 

., ~ 
till, ·• 
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Table 1. (Continued) 

Specla MMn 
.LC501EC50 Acute Vel• 

Species ... thod• Ct.e.lcel 'elln (f!glU Reference 

Fathead Minnow (juvenile), FT, M Aroclor• 300 - Nebeker, et al. 1974 
Pl.aphalea proaelas 1242 

Fathead •lnnow, FT,M Aroclore 7.7 .3.3 Nebeker, et al. 1974 
Pl.aphales proaelas 1254 

Redear sunfIsh, FT,M Capac I tore 21 19 19 Birge, et al. 1979 
L.!P!!!!!. •I cro I ophus 

LargeMOUth tass, 
M!cs-®ter!!s ~e~J.ges 

FT, M Capaclt~ 21 2 • .3 2 • .3 Birge, et al. 1979 

SALTWATER SPECIES 

Eastern oyster, FT, U Aroclore 10.2*• - Hansen, et al. 1974a 
Crassostrea vlr~ca 1016 

Eastern oyster. FT,U Aroclo,.. nu - Lowe, undated 
tJJ Crassostrea vlrglnlca 1248 
I ;;1! ..... 

Eastern oyster, FT,U Aroclore 14 .. Lowe, undated 01 -
Crassostrea vlrglnlca 1254 

Eastern oyster, fT. u Aroclore 6()U 20 lowe, undated 
Crassostrea vlrglnlca 1260 

Brown shr l11p, fT. u Aroclore io.s 10.5 Hansen, et al. 1974a 
Penaeus aztecus 1016 

- ~--"- ----------- - ,_ ------ - ----- - -·- .. - --- -. --" -------

Grass shrlllfl, FT,U Aroclore 12.5 12.5 Hansen, et al. 1974a 
Pclc=ooetes ~ 1016 

• s. static, FT. flow-through, u a UnMeasured, M ... asurad 

••EC50 based on decreased growth of oysters 



# 

Table 2. 

SI!!S!!!. ~ 

Cladoceran, LC 
Dltllhn 1111 .E9!!!. 

C ladocaran, LC 
Daphnia MQ!Ia 

Clacloceran, LC 
Daphnia MQna 

Scud, LC 
GMMarus pseudoll.naeus 

Scud, LC 
G.....-us pseudoll.naeus 

Midge, LC 
Tanytarsus dlssiMIIIs 

Ill 
I Brook trout, LC .... 
0\ Salvellnus tontlnalls 

Fathead Minnow, LC 
Pl!!l!haies prOMias 

Fathead Minnow, LC 
Pl!!fhales prOMelas 

Fathead Minnow, LC 
Pleaphales pro.elas 

Fathead alnnow, LC 
Pl!!fhales pro.elas 

Sheepshead •lnnow, ELS 
Cyprlnodon varlegatus 

ChrC~~Ic wh•• for polyc:ltlorluted lalpheayla 

Ll•lta Chroalc Yelue 
C.,_lcal .!J!Ill) (pg/1) 

FRESHWATER SPECIES 

Arocl~ 1G-24 15 
1254 

Aroclor• 2.5-7.5 4.3 
1248 

Aroctore 1.2-.3. 5 2.1 
1254 

Aroctore 2.8-8.7 4.9 
1242 

Aroclore 2.2-5. I 3.3 
1248 

Arocl~ 0.5-1.2 0.8 
1254 

Aroctore 0.7-1.5 1.0 
1254 

Aroctore 0.1-o.4 0.2 
1248 

Aroclore 1.3-4.0 2.3 
12160 

Aroctore 5.4-15.0 9.0 
1242 

Aroctore 1.8-4.6 - 2.9 
1254 

SALTWATER SPECIES 

AToctore 3.4-15.0 7.14 
1016 

Reference 

Makl & Johnson, 1975 

Nebeker & Puglisi, 
1974 

t=beker & Puglisi, 
.1974 

Nebeker & Puglisi , 
1974 

Nebeker & Pug II sl , 
1974 

Nebeker & Puglisi, 
1974 

Mauck, et al. 1978 

Defoe, et al. 1978 

Defoe, et al. 1978 

Nebeker, et al. 1974 

Nebeker, et al. 1974 

Hansen, et al. 1975 

·-,_ 
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Table 2.. CContlnued) 

Speclu .!!!!! 
Ll•lts Chronic Value 

C.,_ I a~ I 

Aroclore 
1254 

!eal.!! CegiU 
Sbaepsbaad •lnnow, 
Cyprlnodon varlegatus 

ELS 0.06-0.16 0.098 

• LC • life cycle or partial life cycle, ELS • early life stage 

Acute-Chronic Ratios 

Acute Value Chronic Value 
Species cesll, cealn 
Scud, 
GBMBrus pseudoll.aaeus 

46 4.9 

Scud, 46 3.3 
GUMrus pseudoll.naeus 

fatheed Minnow, 33 9.0 
Pl!!phelu!rOMelas 

Fatbaed Minnow, 33 2.9 
PIMPhelea prOMias 

G801118tr lc II80fl of ecute-c:hron lc ret los for·· scuds • 1 1 · 

GeoMetric M80n of acute-chronic ratios for fathead alnnows • 6.4 

Referena~ 

Schimmel, et al. 1974 

~ 
9.4 

14 

3. 7 

II 

. 
< 

.. - -·---
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Table :S. Species ..u ecute values ond .cute-chronic ratla. for polyc:lllorlnated blphMyls 

~ 

1 

6 

5 

4 

3 

2 

3 

2 

Specl• Meu 
Acute Value 

Species (!Ja/U 

FRESHWATER SPECIES 

Duselfly, 283 
lschnura vertlcalls 

Scud, 46 
GeMDrus eseudoiiW~aeus 

Fathead •lnnow, 33 
Pleeph&les ero=elas 

Redear sunfish, 19 
L!e!!!!!!, •I cro loeus 

Scud, 10 
Ga..arus fasclatus 

Large.outh bass, 2.3 
Mlcr9eterus sal.oldes 

RaInbow trout, 2.0 
,!!.1!2. ga lrdner 1 

SALTWATER SPECIES 

Eastern oyster, 
Crassostrea vlrglnlca 

Grass shr l11p, 
Pala81110Retes .f!!!S!g_ 

Brown shrll!lp, 
Penaeus · aztec:us 

20 

12.5 

10.5 

Specl• Mean 
Aaat..ChrOAIC 

Ratio 

II 

6.4 

• Ranked fr~ least sensitive to .ost sensitive based on species liNn 
acute value. 

,f 
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Table 4. Plant values for polychlorinated biphenyls 

Result 
Species Chemical Effect (}!g/IJ 

SALTWATER SPECIES 

Diatom, Aroclor4D No growth In 46 0.1 
Rhlzo~olenla setlger 1254 hr. Reduced 

growth thereafter 

Diatom, Aroclor• Reduced growth 25 to 100 
Thalassloslra pseudonana 1254 

Diatom, Aroclor4D Reduced cell 1.0 
Thalassloslra pseudonana 1254 division 

Diatoms, Aroclor• Reduced growth 10 
Thalassloslra pseudonana 1254 and carbon flxa-
and Sks!3fonem~ cosfafum t!on !n 48 h!' 

Diatom, Thalassloslra Aroclor4D Species ratio 1 
gseudonana and ~een alga, 1254 change 
unaiielia tert olecta 

Diatom, Thalassloslra Aroclor4D Species ratio 0.1 
gseudonana arid green alga, 1254 change 
unallella tertlolecta 

Diatom, Aroclor• Reduced growth 10 
Skeletonema costatum 1254 

Diatom, Aroclor• Reduced cell 10 
Skeletonema costatum 1254 division 

Diatom, Aroclor• Reduced growth 100 
Cyllndrotheca closterlum 1254 

nla.+"..,. ~-- - -" Aroc!or8 __ ~-- -~ _ Red!!ced ce!! . !0 . 
'"''"''"'"' Chaetoceros soclalls 1254 division 

Diatom, Aroclor• No effect oo 100 
Nitzschia longlsslma 1254 cell division 

Chrysophyceae, Aroclor• Reduced cell 10 
Monochrysls luther! 1254 division 

Reference 

Fisher & Wurster, 
1973 

Mosser, et al. 1972a 

Harding & Phillips, 
1976 

Fisher, 1975 

Mosser, et al. 1972b 

Fisher, et al. 1974 

Mosser, et al. 1972a 

Hard I ng & Ph II II ps, 
1976 

Kell, et al. 1971 

Harding & Phillips • 
1976 

HardIng & Ph 1111 ps, 
1976 

Hard I ng & Ph II II ps, 
1976 
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Table 5. Realdues for polychlorluted biphenyls 

Lipid Bloconcentratlon DuratiOA Spec 1M Tla;~u= ...ill.. Ch•lc:al factor Cdals) Referenc:a 

FRESHWATER SPECIES 

Snell. Whole body - Pentachloro- S6.90o 33 Sanborn • 1974 Physa sp. biphenyl 

C I adoceran. Whole body - Aroclore 3.800 4 Mayer. et al. 1977 Daphnia 1111gna 1254 

Scud. Whole body - Aroclore 36.ooo 60 Nebeker & Pug II s I, GaMarus pseudollmaeus 1242 1974 
Scud. Whole body - Aroclore 6,200 21 Mayer, et al. 1977 GaMarus pseudo lllflaeus 1254 

Scud, Whole body - Aroclore 108,000 60 Nebeker & Puglisi. Ga.Marus pseudoll.naeus 1248 1974 
Mosquito. Whole body - Aroclore 3,500 7 Mayer, et al. 1977 ~ tarsalls 1254' 

b:l 
Phant0111 11ldge, Whole body Aroclore 2,700 14 Mayer, et al. 1977 

I -II.) 

Chaoborus punctlpennls 1254 ... 
RaInbow trout, Whole body - Aroclor• 46,000 30 Bills & Marking, 1977 ~galrdnerl 1254 

Rainbow trout, fillet - Tetrachloro- 9,550 estimated Branson, et al. 1975 ~galrdnerl biphenyl plateau 
Rainbow trout, Fillet - Tetrachloro- 5,850 42 Branson, et al. 1975 ~galrdnerl biphenyl 

_____ . Brook trout; . ------- Who!e ~v - ~ -·- -...,. -·- -- An::;o=h:;~ ~- - ..• -"' 47,000 -- -118---- --MoUck, et af. 1978 ·- ---- ·---- -- ___ ,- ------- - ~---

Salvellnus fontlnalls 1254 

Brook trout, Whole body 2.9 Aroclore 42,000 500 Snarski & Puglisi, Salvellnus fontlnalls 1254 1976 
Brook trout. fillet o. 7 Aroclore 3,000 500 Snarski & Puglisi, Salvellnus fontlnalls 1254 1976 
fathead minnow (female), Whole body - Aroclore 120,000 240 Defoe, et al. 1978 Pl1118phales promelas 1248 
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Table 5. (COAtlnued) 
Lipid BloconceRtrotlon Duration 

Species Tissue _!lL. Ctt.lcal Foetor (da~s) Reference 

Fathead minnow (feMale), ~hole body - Aroclore 270,000 240 DeFoe, et al. 1976 

Pl.aphales pronelas 
1260 

Fathead •lnnow (.ale), ~hole body - Aroclo ... 274,000 255 Nebeker, et al. 1974 

Plmephales promelas 
1242 

Fathead minnow (female), ~hole body - Aroclo ... 238,000 240 Nebeker, et al. 1974 

Plmephales promelas 
1254 

Wh I te sucker, Whole body - Aroclo ... 5,500 30 Frederick, 1975 

Catostomus commersonl 1232 

Channel catfish, ~hole body - Aroclo,.. 61,200 17 Mayer, et al. 1977 

lctalurus punctatus 
1254 

Channel catfish, Whole body - Aroclo ... 56,400 77 Mayer, et al. 1977 

lctalurus punctatus 
1246 

Bluegill, Whole body - Aroclor• 52,000 17 Stalll ng, 1971 

!!fOMis macrochlrus 
1246 

tXI 
I 

N SALTWATER SPECIES 
N 

Diatom, Whole - Aroclo ... 1,000 14 Kell, et al. 1971 

C~llndrotheca closterlu~ organism 1242 

Polychaete, ~hole body - Phenochlore 000 14 Fowler, et ale 1976 

~ dlverslcolor 
IF-5 

Eastern oyster, Ed I b le port I on - Aroclo ... 13,000 64 Parrish, et al. 1974 

Crassostrea vlrglnlca 1016 

Eastern oystor, Edlble.portlon - Aroclo ... 101,000 245 Lowe, et al. 1972 

Crassostrea vlr9lnlca 
1254 

Eastern oyster, Edible portion - Aroclore >100,000 field data Duke, et al. 197Q; 

Crassostrea vlr9lnlca 1254 Nimmo, et al. 1975 

Grass shrimp, Whole body - Afoclore 27,000 16 Nimmo, et al. 1974 

Pa laemonetes ~ 
1254 

Blue crab, Whole body - Aroclo ... >2JO,OOO field data Nimmo, et al. 1975 

Calllnectes sapldus 1254 

'< 
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Table 5. CCont I nued) 

Lipid 
Sj!ecles .!ill!!!. _ill_ 

Spot, Whole body I. I* 
lelostomus xanthurus 

Sheepshead minnow (adult), Whole body 3.6• 
C~j!rlnodon varl!gatus 

Sheepshead minnow 
(juvenile), 

Whole body -
C~prlnodon varlegatus 

Sheepshead minnow Cfry), 
C~erlnodon varlegatus 

Whole body -

Sheepshs~d min•~ (adult), Whole body "_J.O!! 
c~erlnodon varlegatus 

Plnflsh, Whole body -
La~ rhornboldes 

Speckled trout, Whole body -
Cynosclon nebulosus 

Fishes Whole body -
Invertebrates Whole body -

• Percent lipid data from Hansen, 1980 

Bloconcentratlon 
Che~~~lcal factor 

Aroctore 37,000 
1254 

Aroclor• 25,000 
1016 

Aroclo,. 43,100 
1016 

Aroclor4D 14,400 
1016 

Arocio~ 
1254 

-- 30,000 

Aroclo,. 17 ,ooo 
1016 

Aroclo,. >670,000 
1254 

Aroclo,. >133,000** 
1254 

Aroclo,. >27 ,000** 
1254 

Duration 
(da~s) 

28 

28 

28 

28 

28 

21-28 

Field data 

Field data 

FJeld data 

Reference 

.. 
" 

Hansen, et al. 1971 

Hansen, et al. 1975 

Hansen, et al. 1975 

Hansen, et al. 1975 

Hansen, et al. 1973-

Hansen, et al. 1974a 

Duke, et al. 1970; 
Nimmo, et al. 1975 

Nimmo, et al. 1975 

Nimmo, et al. 1975 

u Greatest bloconcentratlon factor of Aroclor• 1254 In fishes and Invertebrates, respectively from Escambla Bay, Florida 

Maximum Permissible Tissue Concentration 

Concentration 
Action level or Effect Cmg/kg) 

FIsh and she II fish 5.0 

No reproduct Jon and 0.64 
mortality In mink, Mustela 
.ili2!!. 

- --- ----~---- ---

Reference 

u.s. FDA, 21 CFR Part 
109.30 

Platonow & Karstad, 
1973 
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Table 5. (Continued) 

Maxlllltla PerMissible Tissue Concentration 

Action Level or Effect 

Reduced survival of 
sheepshead alnnow, 
Cyprlnodon varln¥atus, 
tr011 e~~liyos co a In I ng 

:?J•O mg/kg 

Concentrat lon 
(~~g/kg) 

7.0 

Reference 

Hansen, et al. 1973 

Geometric mean of noraallzed BCf values (see text) • 10,400 

Marketability tor human consu.ptlon: FDA action level for fish and shellfish= 5.0 mg/kg 

freshwater: 

Percent lipid values for freshwater species (see Guidelines) = 15 

Percent lipid value for saltwater species (see Guidelines) a 16 

5.0 • 0.000032 IIIQ/kg • 0.032 ~g/1 
10,400 )( 15 

Saltweter: 5.0 • 0.000030 mg/kg • 0.030 ~g/1 
10,400 M !6 

Using highest BCf tor edible portion of a consumed species 

freshwater: Rlllnbow trout = 9,550 (Branson, et al. 1975) 

. 5.0 .. 0.00052 mg/kg = 0.52 pg/1 ' 
9,5S1f 

Saltweter: Eastern oyster = 101,000 (Lowe, et al. 1972) 

5.0 .. 0.000050 mg/kg = 0.050 ~g/1 
lol,ooo 

L ,, .. 
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Tabl.• 5. (Continued) 

Wildlife protection: Lowest .axl11.111 permissible tissue concentration • 0.64 mg/kg (Piatonow and Karstad. 197}) 

Gec:.etrlc Man of. whole body BCF values tor sal110nld species .. 45.000 

Freshwater: 0.64 • 0.000014 ag/kg • 0.014 ~g/1 
w,umr 

Freshwater Final Residue Value • 0.014 ~g/1 

c:-•+--.+-- r:1 .... 1 o ..... o!!tll .... .-. u ........... n n"' .... .11 
-.lUI IWUIOI ,I_, IUUf I,V,.IUU'V ., .. ,....., -:: v•VJI'V fi!HI f 

' 
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Table 6. other dlsta for polychlorinated biphenyl& 

Result 

Species Ch•lcal Duration Effect .!l!sl!!. Reference 

FRESHWATER SPECIES 

Yeast_ Aroc lore 1232 to 160 hrs Reduced growth 25-000 Tejedor_ et al. 1979 

Sacchar0111yces cerev Iss I ae Aroclore 1260 

Alga, Aroclore 48 hrs ID50 4-400 Ewald, et al. 1976 

Euglena graclll s 1221 

Alga, Aroclo,.e 8 days Reduced g-owth 10,000 Bryan & Olafsson, 

Euglena gracilis 1242 1978 

Alga, Aroclore 24 hrs Growth Inhibition 300 Larsson & Tlllberg, 

Scenedesmus obtuslusculus 1242 1975 

Alga, Aroclore 24 hrs Reduct I on In rate o. 1 laird, 1973 

Scenedesmus quadrlcauda 1254 of carbon fl xat I on 

Alga, Aroclor• 191 hrs Depressed cell 1,000 Hawes, et al. 1976b 

Chlorella pyrenoldosa 1268 productivity 
tD 
I 

N Alga, Aroclo,.e 73 hrs Reduced popu I at I on 1,000 Hawes, et al. 1976a 
0\ Chlorella pyrenoldosa 1254 growth 

Alga, Aroclo,.e 22 days Reduced g-owth 2,000 Morgan, 1972 

Chlamydomonas relnhardtll 1242 

Alga, Dlchloro- 3 hrs Reduced IU)t Ill ty 50 Zullel & Benecke, 

Phormldlum sp. biphenyl 1978 

Cladoceran, Aroclo,.. 2 wks LC50 2.6 Nebeker & Puglisi, 

Daphnia magna 1248 1974 

C ladoceron, Aroclor8 2wks LC50 1.8 Nebeker & Pug II sl, 

Daphnia Mgna 1254 1974 

Cladoceran, Arocl~ 3wks lC50 1.3 Nebeker & Puglisi, 

Daphnia magna 1254 1974 

C I adoceran, Aroclore 2wks LC50 24 Makl & Johnson, 1975 

Daphnia magna 1254 

C I adocer an, Aroclore1221 to 2-3 wks LC50 19-182 Nebeker & Puglisi, 

DaphnJ~magna Aroc lor• 1260 1974 

'·' 
,,; ·'" 
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Table 6. (Continued) 

Result 
Species ChMical Duration Effect CeslU Ref.,.enc:. 

Aqlhlpod, Field data - Bloconcentratlon - Halle, et al. 1975 Pontll!2!:!!!. afflnls factor • I , 7()g 

Stonetly, Aroclore 21 days Bloconcentratlon - Mayer, et al. 1977 ' 
Pteronarc~s dorsata 1254 factor • 740 

Dobsonfly, Aroclore 7 days Bloconcentratlon - Mayer, et al. 1977 
Cor~da I us cornutus 1254 factor • 1,500 

Mosquito, Aroclore 7 days No adult 1.5 Sanders & Chandler, f!!.!.2. tar sa lis 1254 emergence 1972 

Glass shrlap, Aroclore 7 days LC50 3 Mayer, et al. 1977 Pala81101letes kadlakensls 1254 

Glass shriiiiP, Field data 21 days Bloconcentratlon - Mayer, et al. 1977 Pala&MOnetes kadlakensls factor • 2,600 

Mysld, F lei d data - Bloconcentratlon - Veith, et al. 1977 IJI M~sls rellcta factor • 125,000 I 

"' .,_J Snails Field data - Bloconcentratlon - Nadeau & Davis, 1976 
fac1or • 45,000 

Crayfish, Aroclore 7 days LC50 30 Mayer, et al. 1977 Orconectes na Is 1242 

Crayfish, Aroclore 21 days Bloconcentratlon - Mayer, et al. 1977 Orconectes nals 1254 factor • 750 
- ~ 0-.l .. r.-...... +--... ... 

··-•--··C~ - --- Arv.; 1u.-e 1242 and - -- ------·-- innibit Aifase - 4 pgig Davis, et-al. 1972 ,,,.., .. .,_...... ··~·-

Sal110 galrdnerl Aroc lor 1254 activity 

RaJ nbow trout, Aroclore 
~ Q~Jirdnerl 1242 

25 days LC50 12 Mayer, et al. 1977 
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Table 6. (Contln&*l) 

Result 
Specht5 CM.Ical Duration Effect JJ!J1l!!. Reference 

RaInbow trout, Aroclo,.e 25 days LC50 .3.4 Mayer, et al. 1977 
~gr~lrdnerl 1248 

RD I nbow troot, Aroclor• 25 dr~ys LC50 21 Mayer, et al. 1917 
~ galrdnerl 1254 

RaInbow trout, CDpec 1 tore 21 8 day LC50 2 Birge, et al. 1979 
.§!..!!!2_ ga I rdner I early life 

stage 

Relnbow trout, Aroctore 25 days LC50 49 Mayer, et al. 1977 

~galrdnerl 1260 

RaInbow trout, Clophene A-50 21 days Induce fish heptlc .31 pg/g lldman, et al. 1976 

~gel rdner I alcro50alel enzyaes 

Rainbow trout, Aroclore 30 days 75• 110rtellty, 0.39 pglg Hogan & Brauhn, 1975 

~galrdnerl 1242 70• defor•ed fry 

til Rainbow trout, Aroclore .3.30 days Kidney pathology 10 pg/g Nestel & Budd, 1974 
I ~golrdnerl 1254 

N 
CD 

RaInbow trout, Aroclo,.e 5 days LC50 67 Mayer, et al. 1977 

~galrdnerl 1242 

RaInbow trout, Aroclore 5 days LC50 54 Mayer, et al. 1977 
.§!.!!2. ga I rdner I 1254 

Rainbow troot, Field data - Bloconcentratlon - Velth, 1975 

~golrdnerl factor • 120,000 

Steel head trout, Aroctore 24 days Bloconcentratlon - Halter, 1974 
~ gelrdnerl 1254 factor • 38,000 

Steelheed trout, Field date - Bloconcentratlon - Hesse;, 1973 
~galrdnerl factor • 600,000 

Brown trout, Clophene A-50 4.3 days Anemia, hypergly- 10 pg/g Johansson, et al. 
Sel1110 trutta a~~~Ja,. altered In food 1972 ------- cholesterol 

Metebollsra 

,, 
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Table 6. (Continued) 

Species 

Brown trout, 
~.!D!!.!! 
Atlantic salmon, 
~.ill!!: 

Atlantic salmon, 
~.ill!!: 

Coho se I mon, 
Oncorhynchus klsutch 

Coho sa·lmon~ 
Oncorhynchus klsutch 

Coho salmon, 
Oncorhynchus klsutch 

Coho salmon, 
Oncorhynchus klsutch 

Coho salmon, 
Oncorhynchus klsutch 

Chinook salmon, 
Oncorhynchus tshawytscha 

Chinook salmon, 
Oncorhynchus tshawytscha-

Brook trout, 
Salvellnus fontlnalls 

Brook trout, 
Salvellnus fontlnalls 

Brook trout, 
Salvellnus fontlnalls 

ChMical 

field data 

Aroclore 
1242 

ArocJorll 
1254 

Aroclorll 
1254 

Aroclore 
1254 

Aroclore 
1242 

Pentach !oro
biphenyl 

field data 

field data 

field data 

Aroclore 
1254 

Aroclo,.. 
1254 

Aroclorit 
1254 

Duration 

96 hrs 

'\. 

~ 
Bloconcentratlon 
factor = 119,000 

Bloconcentratlon 
factor = 600 

192 hrs Mortality 

Early life Chronic limit 
stage 

72 hrs St I mu Ia ted 
thyroid activity 

68 days Induced fish 
hepatic ANi 
1111lcrosomal 
enzymes 

72 days 

18 days 

71 wks 

fert. to 
hatch 

Induct Jon of ary I 
hydrocarbon 
hydroxy I ase 

Bloconoentratlon 
factor = 173,000 

Bloconoentratlon 
factor = 1,240,000 

Bloconc~ntrat!on 
factor = 240,000 

I nduced fl sh MFO 
system 

No effect on sur
vival, growth or 
reproduct Jon 

No embryo hatch 

Result 
..!J!9ill. Reference 

Veith, 1975 

Zitko & Carson, 1977 

>2 ~g/g Zitko, 1970 

<4.4 Halter & Johnson, 
1974 

0.48 ~g/g Mayer, et al. 1977 

I ~gig Gruger, et al. 1977 

12 ~gig 

39 ~g/g 

Gruger, et al. 1976 

Veith, 1975 

Hesse, 1973 

··-·~~ ·-,~ •v••••• ~~~~ 

Addison, et al. 1978 

0.94 Snarski & PUglisi, 
1976 

200 freeman & Idler, 1975 

(. 

"" 
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Table 6. (Continued) 

Species; Ch•lcal 

Loke trout, Field dote 
Solvellnus na.oxcush 

Lake trout, 
Salvellnus naaaycush 

Field deta 

Lake trout, Field data 
Salvellnus n~xcush 

Lake trout, 
Salvellnus na.axcush 

Field data 

Slscowet, Field deta 
Sa I ve II nus nomaxcush 
slscowef 

Lake whitefish, Field deta 
Coregonus clupeaforals 

Ill Lake whitefish, Field deta 
I 
w Coregonus clupeafor•ls 
0 

Fathead 1111 nnow, Aroclote 
Pl!!phales pra.elas 1242 

Fathead •lnnow, Aroclo,.. 
Pl!!phales pro.elas 1016 

fathead 11lnnow, Aroclore 
Pleepholes pra.elas 1016 

fathead •lnnow, Aroclo,. 
Pl!!phales prOM&Ias 1248 

fathead 111lnn01:1, Aroclot4 
Pleephales promelas 1260 

Fathead •lnnow, Aroclot4 
Plmephales promelas 1242 

fathead minnow, Aroclote 
Plmeptlales pr()lll&las 1016 

t· ,l 

Duration Effect 

- Bloconcentratlon 
foetor a 1,110,000 

- Bloconcentratlon 
foetor • 212,000 

- Bloconcentratlon 
foetor • 2,333,000 

- Bloconcantratlon 
factor • 1,625,000 

- B loconcentrat lon 
factor • 4,125,000 

- Bloconcentratlon 
factor • 110,000 

- Bloooncentratlon 
factor • 875,000 

30 deys LC50 

30 deys LC50 

30 days Reduced ~owth 

30 days l£50 

30 deys LC50 

30 deys Significant 
1110rt a II ty 

30 deys Significant 
110rtallfy 

Result 
ll!sll.U 

-

-

-
-

-

-

-
28 

28 

23 

4.7 

3.3 

23 

44 

Reference 

Has~, 1973 

Veith, 1975 

Parejko, et al. 1975 

Veith, et al. 1977 

Veith, et al. 1977 

Hesse, 1973 

Veith, et al. 1977 

Veith, 1976 

Veith, 1976 

Veith, 1976 

Defoe, et al. 1978 

Defoe, et al. 1978 

Hermanutz & Puglisi, 
1976 

HerlillSnutz & Puglisi, 
1976 

. 
' 
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Table 6. (Cont lnued) 

Result 
Spechts Ch•lcal Duration Effect (l!glU Reference 

fathead minnow, Aroclore 4 11105 Inhibition of 0.31 Cutkomp, et at. 1972 Plmephalas promelas 1242 ATPase activity 

fathead Minnow, Aroctor• 4 IIOS lnh lbltlon of 0.31 Koch, et al. l9n 
Plmephales pr011181Gs 1254 ATPase actIvity 

Bluegill, Aroclo,. 5 days LC50 136 Mayer, et at. 1977 
lepomls _macrochlrus 1248 

Bluegill, Aroclore - lnh lbl t (I 50) 0.6 l&g/g Desalah, et al. l9n 
lepomls macrochlrus 1242 ATPase 

Bluegill, Aroclore - Inhibition of 30 Yap, et al. 1971 
lepomls macrochlrus 1254 ATPAse 

Bluegill, Aroclore :SO days LC50 84 Mayer, et al. 1977 
lepomls .acrochlrus 1242 

Bluegill, Aroclore 30 days LC50 78 Mayer, et al. 1977 IJl Lepomls macrochlrus 1254 I 
w .... Bluegill, Aroclore 

lepomls macrochlrus 1254 
30 days LC50 177 Mayer, et al. 1977 

Bluegill, Aroclore 30 days LC50 400 Mayer, et al. 1977 
Lep0111ls macrochlrus 1260 

Mosqul tofl sh, Trl-, tetra-, & 6 days Bloconcentratlon - Sanborn, 1974 
Gambusla afflnls pentach loro- factor "' 12,000 

biphenyl 
~ - ---.-- --~ --·-- ~n, 0----~ c---·· ---•-•- - ·---- ------- -~-~-"--~.--- --~,.- - ----- ---- -- ~---- -----~------

Mosqul to fish, Aroclore 1.5 hr Avoidance o. I Hansen, et at. 1974 
Gam~Js!a atf!nls !254 

Guppy, Aroclore I day Sign It I cant 200 Morgan, 19n 
Poecllla formosa 1242 mort a II ty 

Carp, Aroctore 20 days Altered plas~~~a 5 l&g/g Ito, 1973 Cyprlnus carpio 1248 -gl ucoron I dase 
activity 
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Table 6. (Continued) 

Result 

Species Cha.IClll Duntlon Effect .!!!sL!l Reference 

Carp, Aroclor• 21 days Metabolic changes 250 llg/g Ito & Murata, 1974 

Cyprlnus carpio 1248 

Carp, field data - Bloconcentratlon - Veith, 1975 

Cyprlnus carpio 
factor = 110,000 

Carp, field data - Bloconcentratlon - Hesse, 1973 

Cyprlnus carpio factor "' 43,600 

Carp. field data - Bloconcentratlon - Hesse, 1973 

Cyprlnus carpio 
factor = 390,000 

Channel catfish, Aroclore 30 days LC50 75 Mayer, et al. ~977 

lctalurus punctatus 1248 

Channel catfish, Aroclore 30 days LC50 139 Mayer, et al. 1977 

lctalurus punctatus 1254 

Channel catfish, Aroclore 72 hrs St lmu Ia ted 2.4 llg/g Mayer, et al. 1977 

In lctalurus punctatus 1254 thyroid activity 
I 
w 
N Channel catfish, Aroclor• 30 days LC50 6.7 Mayer, et al. 1977 

lctalurus punctatus 1242 

Channel catfish, Aroclo ... 20 wks Weight loss and 20 \ig/g Hansen, et al. 1976 

lctalurus punctatus 1242 II ver hypertrophy 

Channel catfish, Aroclore 2 wks Increased trans- 6 Camp, et al. 1974 

lctalurus punctatus 1254 amlnase, lower 
cortisol 

Flag fish, Aroclore 30 days fin erosion 31 Hermanutz & Puglisi, 

Jordanella tlorldae 1242 1976 

Redear sunfIsh, Capacl tor• 21 6 day LC50 6 Birge, et al. 1979 

Lepomj~ mlcrolophus early life 
stage 

Largemouth bass, Capac I to ... 21 6 day LC50 1.5 Birge, et al. 1979 

Mlcropt~rus salmoldes early II fa 
stage 

" 
L· 
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Tabl• 6. (Contlnu~) 

s~ 

LargeMOUth boss, 
Mlcropterus sal.oldes 

Gl zzard shad, 
DorosOMD cepedlanum 

Alewife, 
M2!!. pseudoharengus 

Alewife, 
Alosa pseudohar~gus 

Alewife, 
Alosa pseudoharen9us 

Chub, 
Coregonus johannae 

Round whitefish (menominee), 
UJ ProsopluM cyllndaceuM I 
w 
w Comron shIner, 

Notro~ cornutus 

Longnose sucker, 
Catostomus catostomus 

Longnose sucker, 
Catostomus catostomus 

-·=------.- ---·~-- ·- ------ - -'-• ~--" _o~ •• Redhorse sucker, ---- ---~ 

Moxostoma 'sp. 

White sucker, 
Catostomus commersonl 

Bur bot, 
.!:2!!. Iota 

Bloater, 
Coregonus hoy I 

Ch•lcal Duration Eff~t 

field data - Bloconcentratlon 
factor .. 3,500 

Field data - Bloconcentratlon 
foetor • 150,.300 

field dato - Bloconcentratlon 
factor • 270,000 

field data - Bloconcentratlon 
_factor • 89~000 

field data - Bloconcentratlon 
factor .. 42,700 

Field data - Bloconcentratlon 
factor • 850,000 

field data - Bloconcentratlon 
factor • 120,000 

Field data - Bloconcentratlon 
factor • >78,000 

Field data - Bloconcentratlon 
factor :a 150,000 

field data - Bloconcentratlon 
factor • 1,125,000 

fieid data.... o•• • - · -- ··· Bioconcentratlon 
factor "' 32,000 

field data - Bloconcentratlon 
factor a 106,000 

Field data - Bloconcentratlon 
factor • 1,062,500 

field data - Bloconcentratlon 
factor = I, 166,200 

R•ult 
.!1!9l.U 

-
-

-

-

-
-

-
-

-

-

--- -·- - ~~- . -
-

-

-

ReferW~ce 

Martell, et ol. 1975 

Hesse, 1973 

Hesse, 1973 

Veith, 1975 

Halle, et al. 1975 

Hesse, 1973 

Hesse, 1973 

Nadeau & Davis, 1976 

Hesse, 1973 

Veith, et al. 1977 

Velth,l975 ·· 

Veith, 1975 

Veith, et al. 1977 

Veith, et al. 1977 

.. 
' 

.. 
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Tabla 6. (Continued) 

SJ!!£!!!. Chealc:al Duration 

Bloater, Field diths -
Coregonus hoy I 

Lake herring, Field ditta -
CoreS2!!!!,!. arted II 

Rainbow s.elt, Field ditta -
OsiiiSrus ~ 

Rainbow 511181 t, Field data -
OSMt'US~ 

Rainbow Slftelt, Field data -
Os..rus ~ 

Rock bass, Field data -
Ambloplltes rupestrls 

Pike, Field data -
lXI 

~~ I 
w ..,. 

Yellow perch, Field ditta -
~ t lavescens 

Yellow perch, Field data -
~ t lavescens 

Yellow perch, Flefd data -
~ tlavescens 

Sllay sculpin. Field data -
£2.1!!!!. cognatus 

S lillY scu I pin, Field dota -
Cottus cognatus 

Fourhorn sculpin, Field data -
Myoxocephalus quadrlcornls 

Mink, Aroclot4 -
Mustela vlson 1254 

Effect 

Blocoocentratlon 
factor "' 81,000 

Blocoocentratlon 
factor = 250 ,000 

Bloconcentratlon 
factor "' 462,500 

Blocoocentratlon 
factor = 32,000 

Bloconcentratlon 
factor .. 48,000 

Bloconcentratlon 
factor • 117,000 

Bloconcentratlon 
factor = 15,000 

Bloconcentratlon 
factor • 50,000 

Bloconcentratlon 
factor • 109,000 

Blocoocentratlon 
factor= 154,000 

Bloconcentratlon 
factor .. 300,000 

Bloconcentratlon 
factor' • 84,000 

Bloconcentratlon 
factor • 337,500 

Reduced 
reproduct ion 

Result 
'l!sll) 

-

-

-

-

-
-

-
-

-

-
-

-

-
2 pg/g 

Reference 

Veith, et al. 1977 

Veith, et al. 1977 

Veith, et al. 1977 

Veith, 1975 

Ha lie, et al. '1975 

Nadeau & Davis, 1976 

Hesse, 1973 

Hesse, 1973 

Veith, 1975 

Norstrom, et al. 1976 

Veith, et al. 1977 

Halle, et al. 1975 

Veith, et al. 1977 

Aulerlch & Ringer, 
1977 

,, 
• 
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Table 6. (Continued) 

Species 

Mink, 
Mustela .!!!2!l. 
Mink, 
Mustela vlson 

Chlorophyceae, 
Ounallella sp. 

Ciliate protozoans, 
Tetrahymena pyriformis 

Ciliate protozoans, 
Tetrahymena pyriformis 

Ciliate protozoans, 
Tetrahymena pyriformis 

Ciliate protozoans, 
Tetrahymena pyriformis 

Polychaete, 
Arenlcola marina 

Polychaete, 
Nerels dlverslcolor 

Rotlfer, 
Br8chlcnus pllcatiJis 

Eastern oyster, 
Crassostrea vlrglnlca 

Eastern oyster, 
Crassostrea vlrglnlca 

Cht~~~lcal 

PCB residues 

Aroclore 
1254 

Aroclor• 
1254 

Aroclore 
1254 

Aroclor• 
1248 

Aroclore 
1254 

Aroclor8 
1260 

Aroclore 
1254 

Aroclore 
1254 

Aroclore 
i254 

Aroclor• 
1254 

Aroclore 
1254 

Duration 

1 yr 

4 IIIOS 

ill!£! 
Depressed growth 

Reduced 
reproduct lon 

SALTWATER SPECIES 

45 days 

7 days 

96 hrs 

96 hrs 

96 hrs 

5 days 

5 days 

45 days 

2 days 

24 wks 

Bloconcentratlon 
factor = 477,000 
In lipid and JO.OOO 
In dry tissue -

Bloconcentratlon 
factor = 60 

Reduced growth 

Reduced growth 

Reduced growth 

Bloconcentratlon 
factor .. 236 

Bloconcentratlon 
f a<:tor = J 73 

Bloconcentratlon 
factor = 340,000 In 
lipid and 51,000 In 
dry tissue 

Bloconcentratlon 
factor = 8,100 

Reduced growth 

Result 
!l!sl!l 
10 IJg/g 

1.0 pg/g 

Reference 

Aulerlch, at al. 1973 

Ringer, et al. 1972 

Scura & Thellacker, 
1977 

Cooley, et al. 1972 

1,000 Cooley, et al. 1973 

1.0 Cooley, et al. 1972 

1,000 Cooley, et al. 1973 

Courtney & Langston, 
1978 

Courtney & Langston, 
1978 

Scura & Thellacker, 
1977 

Duke, et al. 1970 

5.0 Lowe, et al. 1972 

,, ,, .. 
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Tobie 6. (Continued) 

Re&ult 

Specie& C~lcol ou.rotlon Effect JI!Sl!l R•ference 

Horseshoe crab. Aroclo,.. 96 days B loconcentrcst lon - Neff & Gla~, 1977 

Ll1111.1lus polypha.as 1016 foetor • 1,298 

Allphlpod, Aroclore 30 days Mortality >10 Wlldlsh, 1970 

Gannarus ocoon I cus 1254 

Grass shriiiiP• Aroclore lhr Avol dance 10 Hansen, et al. 1974b 

Pa I aea10netes R!!9!2 1254 

Grass shrlnp, Aroclore 4 days Water eft lux 25-45 Roesljadl, et al. 

Pala811101'1etes ~ 1254 effected end 1976e,b 
altered ~tabollc 
state 

Pink shrlq>, AroclorO 48 hrs LC50 32 Lowe, undated 

Peneeus duoraru• 1248 

Pink shrlq>, Aroclore 48 trs LC50 32 Lowe, undated 

Penaeus duorerum 1254 
IJJ 
I Pink shrimp, Aroctore 15 days 51J Mortality 0.94 Nimmo, et el. 1971 
w 
0\ Penaeus duorerum 1254 

Pink shrlq>, Aroclore 15 days LC50 1.0 Nimmo & Bahner, 1976 

Peneeus duorarum 1254 

Pink shrimp, Aroclore 2 days Bloconcentretlon - Duke, et al. 1970 

Peneeus duorarum 1254 factor • 140 

Fiddler crab, Aroclo ... 4 days Greater dispersion 2,000 Flngerman & 
.!!£!. pug II a tor 1242 of Melanin Flngefllllln, 1978 

Fiddler crab, Aroclortl 38 days Inhibited 1110ltl.ng a.o Flngermen & 
Uca pugllator 1254 F lngefllllln, 1977 

C0111111nltles of organiSAIS Aroclore 4 IIIOS Affected 0.6 Hansen, 1974 
1254 COIIpOSitlon 

Northern anchovy, Aroclore 45 days Bloconcentratlon - Scura & Thellacker, 

EngrauJ~~ 1254 factor '" ll,OOO,OOO 1977 
In lipid csnd 
1,030,000 In dry 
tissue 

.. . ,. 
·' 
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Table 6. (Continued) 

Result Species Ch•lcal Duration Effect (I!!JlU Reference 
Spot, Aroclore - Liver pathogenesis 5.0 Nimmo, at al. 1975 Lelostomus xanthurus 1254 

Spot, Aroclore 2o-45 days 51 to 62% RlOrtallty 5.0 Hansen, et al. 1971 Lelostomus xanthurus 1254 

Plnflsh, Aroclore I hr Avoidance 10.0 Hansen, at al. 1974b Lagodon rhomboldes 1254 

Plnflsh, Aroclore 14-35 days 41 to 66% Mortality 5.0 Hansen, et al. 1971 Lagodon rhomboldes 1254 

Plnfish, Aroclor• 2 days Bloconcentratlon - Duke, et al. 1970 Logodon rhombol des 1254 foetor • 980 
Plnflsh, Aroclore 42 days 50% Mortality 21.0 Hansen, et AI. 1974a La90don rhomboldes 1016 

Sheepshead minnow (adult), Aroclore 28 days Lethargy, reduced 10 Hansen, et al. 1973 bl Cyprlnodon varlegatus 1254 feeding, fin rot, I 
w 

mortality ...... 

Sheepshead minnow (juvenile), Aroclore 21 days Mortality 10 Schimmel, et al. 1974 Cyprlnodon varlegatus 1254 

Sheepshead minnow Aroc:Jo,.e 21 days LC50 0.93 Schimmel, et al. 1974 (embryos and fry), 1254 
Cyprlnodon varlegatus 

Sheepshead minnow, Aroclore 28 days Affected repro- 0.14 Hansen, et al. 1973 Cyprlnodon varlegatus 1254 ductlon* 
. -· - ·-- --· - ---

*Significantly affected hatching of embryos or the survival of fry from exposed adults. 
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Mammalian Toxicology and Human Health Effects 

SUMMARY 

Polychlorinated biphenyls (PCBs) have been LlSed commercially 

since 1Y2Y as dielectric and heat exchange fluids and in a variety 

of other applications. .They have become widely dis semina ted in the 

environment worldwide. Like many organochlorine pesticides, they 

are highly persistent apd accumulate in food webs. Human exposure 

to PCBs has resulted la.rgely from the consumption of contaminated 

food but also from inhalation and skin absorption in work environ-

ments. PCBs accumulate in the fatty tissues ~nd skin of man and 

other mammals. Metabolism occurs oy hydroxylation and dihydrodiol 

formation with arene oxides as probable intermediates. The rate of 

metabolism and excretion slows dramatically as the chlorination of 

the biphenyl nucleus increases. Arrangement of chlorines which· 

eliminate adjacent unsubstituted carbons greatly increase resis-

tance to metabolism. !,CBs have caused profound toxic effects in 

man and animals, particularly if repeated expt:)SL.lres occur. The 

skin and li~er are major sites of pathology, wi~h the gastrointes

tinal tract and nervous .systems aiso being targ1ets. Polychlorodi

benzofurans which contaminate commercial PCB mi:~etures may contrib-

ute significantly to their toxicity. Several studies in rodents 
! 

suggest strongly that sc::>me PCBs are carcinogenic:: and that they can 

enhance the carcinogeni<=i ty of other chemicals. 
1 

A linear model for 

risk assessment has beeh used to estimate maximum safe levels in 
I 

water and fish which will establish a level of risk for the human 

population from cancer. A maximum level of PCBs in water projected 
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to result in no more than one cancer in 105 individuais with life

time exposure of 0.79 ng/1 is suggested by the analysis. 

EXPOSU'Rl:.: 

The magnitude of the dispersal of these chemicals is revealed 

by their detection in the tissues of plants and animals in all 

parts of the world. PCB residues have been observed in wildlife in 

Sweden, North America, Great Britain, the Netherlands, and even the 

Arctic (Risebrough an~ deLappe, 1972). Because PCBs are not natu

rally occurring substances, their dissemination. is entirely the 

result of human activity. Their entry into the environment has 

occurred by vaporization into the atmosphere, and by s~illing or 

dumping into water or onto land. It has been estimated that of the 

1970 sales of PCBs in North America, only 20 percent represented a 

net increase in the total amount in service. Estimated sources of 

loss for that year were 1 - 2 x 103 tons for evaporation; 4 - 5 x 

103 tons for leaks and dis~osal of fluids; and 22 x 103 tons for 

dispo~al by incineration and burial (~Jisbet and Sarofim, 1972). 

The cumulative input to the environment between 1930 and 1970 was 

estimated to be 3 x 104 tons to air, 6 x 104 tons to fresh and 

coastal waters, and 3 x 105 tons to dumps and landfills. In that 

time, up to one-third of the PCBs released to air and one-half of 

that released to water were probably deqraded. Degradation in 

landfills is more difficult to estimate (Nisbet and Sarofim, 1972) • 

PCBs have been found repeatedly to be wiiiesPread in analyses of 

human tissues. For example, detectable levels of PCB$ have been 

reported in adipose tissue samples of up to 91 oercent of indivi-

duals sampled in a survey of the United States population (~utz and • 
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Strassman, 1976; see Table 13) • This finding !mggests that en vi-

ronmental contamination may be a significant source of human expo-

sure~ Likely routes of exposure. for the general t;>opulation are 

water and particularly food, while inhalation ~nd dermal contact 

are likely to be more significant routes in occupational exposure. 

Ingestion from Water 

The solubility of PCBs in water is very low, decreasing as the 

percent chlorination is raised. Solubilities of Aroclors in water 

at 20°C vary from 200 ,ug/1 for 1242 to about 25 ug/1 for 1260 

(Nisbet and Sarofim, 19'.72) • The major factors .in the dynamics of 

PCB distribution in wat:er are its low solubility, high specific 

gravity, and its hi,gh affinity for solids. Mo,st PCBs discharged 

into water are found in bottom sediments near the! site of discharge 

(Nisbet and Sarofim, 1972). Evaluation of PCB, levels in surface 

waters and bottom sediments of the major drair1age basins of the .. 

United States was conducted between 1971 and 1974 (Dennis, 1976). 

The data were derived from the u.s. Geological s:urvey (tJSGS) study 

of 1971-72 (Crump-WeisnE~r, et al. 1974) and fr<;,m additional data 

collected by the USGS between 1972 and 1975 (PCB data base 
1972-75). It is summarized in detail in the Criteria Document for 

PCBs (U.S. EPA, 1976a) • The highest concentratior1s in both water 

and sediment were found in the basins east of the Mississippi 

River. The highest levels were found in 1971 in the lower Missis

sippi basin, with a median concentration for the region of 3.0 ug/1 

and positive detections at 100 percent of stations tested. Over 

the time period of the ~;tudy the concentrations. and incidences of 

PCBs detected in all basins have decreased substantially. By 1974 
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the median level in the lower Mississippi basin had dropped to 0.1 

llg/1 and the incidence of detection to 2. 6 percent of stations 

tested. The levels in sediments, however, have persisted at much 

higher levels over this period of time. In 1971 median sediment 

levels for the Mississippi basin were 30 llg/kg and the incidence of 

detection 100 percent. By 1974 the incidence had dropped to 9.9 

percent, and the median level was 10.5 llg/kg. 

Although PCBs are widespread in aquatic environments (Peakall, 

1975), their low solubility generally prevents them from reaching 

high concentrations in drinking water supplies. The persistence of 

PCBs and their accumulation in sediments, however, increase the 

significance of water as a source of human exposure by providing a 

reservoir of material which can continue to contaminate water long 

after the addition of PCBs has ceased. In combination with these 

factors, the lipophilici ty of PCBs results in their continued .i.n

troduction to, and accumulation in, the food chain. As a conse

quence, fish and other foods obtained from aquatic environments may 

become important sources of exposure even if PCB levels in the 

water are low. 

The ability of PCBs discharged from a manufacturing facility 

to contaminate a drinking water system has recently been. highlight

ed. Billings, et al. (1978) determin~d the levels of PCBs in the 

Easley-Central Water District, Pickens County, South Carolina . 

They observed that PCBs discharged by a capacitor manufacturing 

facility 12 km upstream from the water district's treatment plant 

were entering the water system. Finished potable water supplies 

were contaminated to levels as high as 818 ng/1. 
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Ingestion from Food 

Contamination of food with PCBs occurs primarily by three 
mechanisms. The first is contamination of human food as a conse
quence of accumulation' in the food chain. The contamination of 
freshwater fish as a consequence of the contami:nat:ion of the aqua
tic environment is a p~rticularly significant route of PCB entry 
into the human diet which will be discussed in more detail below. 
The second mechanism occ:urs by the direct contamination of feeds or 
foodstuffs with PCBs. This may occur as a result of accidental 
spills or equipment malfunctions as was the case in the episode of 
rice oil contamination in Japan which led to thE! outbreak of Yusho 
or rice oil disease in . 1968 (Kuratsune, et al. 1976) • In this 
instance leaks in a heat exchanger used to process rice bran oil 
resulted in the contami~ation of the oil by the exchanger fluid 
(Kanechlor 400). Discc)very of the contamination was made only· 
after numerous cases oj: chlorinated hydrocarbcm intoxication in 
Fukuoka prefecture, Japan. The oil was found to contain 2,000 to 
3, 000 ppm Kanechlor 400 which was contaminated ,with polychlorodi
benzofurans (1.6 to 5 J~pm). Average consumption of PCBs among 
affected individuals was estimated to be 2 g (Kuratsune, et al. 
1972). By 1975 the total number of known indivi~uals affected was 
1,291. Elevated PCB levels in fat were still observed four years 
after the exposure, and dermatological symptoms ~rere found in up to 
89 percent of a group of 72 patients examined in 1973 or 1974. An 
example of accidental PCBs contamination in animal feed occurred as 
a result of the use of PCBs in silo coatings (Willett and Hess, 
1975) • The third significant source of PCBs in foodstuffs was food 
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packaging made from recycled paper containing PCBs (Jelinek and 

Corneliussen, 1976). 

A special case of human exposure via food which must be con

sidered is human breast milk. Adverse effects have·been observed 

in breast fed infants of women with Yusho (Kuratsune, et al. 1976) 

and in infant Rhesus monkeys ingesting breast milk containing 7 to 

16 ppm PCBs (fat basis) (Allen, 1975; Allen and Barsotti, 1976). 

Preliminary survey data indicate average PCB levels in human breast 

milk of 1.8 ppm (fat basis) (42 FR 17487), and a study of PCB ex

posed nursing mothers in Germany indicated average PCB levels of 

3.5 ppm (Tombergs, 1972). The proximity of these values to the 

toxic levels in infant monkeys (7 to 16 ppm) suggests that human 

breast milk must be considered a significant source of PCB expo-

sure. 

The extent of contamination of the U.s. food supply has be'en 

the subject of Food and Drug Administration (FDA) and Department of 

Agriculture (USDA) monitoring programs since 1969. Results of 

these studies have been summarized by Jelinek and Corneliussen 

(1976). The initial analysis of 15,000 food samples between 1969 

and 1971 is summarized in Table 1. The results of monitoring pro

grams in fiscal years 1973, 1974, and 1975 are summarized in 

Table 2. Over the monitored period the incidence and levels of 

PCBs have dropped in all food classes. By 1975 the only signifi

cant food sources were fish, meat, and dairy products. Fish were 

by far the most significant source. The findings for the 1969-71 

period led to the establishment of regulations for PCB levels in 

food (38 FR 18096). The temporary tolerances established at that 
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Food 
Commodity 

Finfish 

Oysters 

Fish by-products 

Cheese 

Milk 

Eggs 

Potato 
by-products 

Miscellaneous 

~-' =---

TABLE 1 

Summary of PCBs in Food* 
Nov., 1969- June, 197la 

Positive 
Findingsc 

317 

12 

6 

44 

60 

17 

12 

11 

Avg. C)f 
Positives 

(Ppm) 

2.1 

Trace 

1.8 

b 0. 3 .· 

2. 5b, 

"'race 

1.1 

1.9 

aA?proximately 15,000 samples examined 
b . 

Fat basis 

cDetection limits: fish 0.5 porn, other foods 0.05 ppm 
(P.E. Corneliussen, personal communication) 

*Source: Jelinek and Corneliussen, 1976 

c-7 

Max. Level 
(opm) 

35.3 

Trace 

5.0 

l.Ob 

22.8b 

0.5 

4.2 

6.5 
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I 

(X) 

, 

TABLE 2 

Summary of PCBs in Foods* 

Fiscal Years 1973, 1974, and 1975 

FY 1973 FY 1974 

Food 
Commodity 

Fish 

Milk 

Eggs 

Cheese 

Feed components 

Animal feeds 

Processed fruits 

Infant and 
junior foods 

Meats and poultry 
(USDA) 

b Percent 
Positive 

60.4 

2.2 

1.1 

0.9 

12.7 

7.2 

4.5 

1.1 

Percent 
Positive 

1.9 

Max.a 
(ppm) 

123.0 

1.6 

Trace 

0.5 

9.0 

199.5 

19.2 

Trace 

Percent 
above 
5 ppma 

0.19 

Percent 
Positive 

44.0 

2.6 

4.2 

2.6 

o.o 

0.0 

0.0 

o.o 

Percent 
Positive 

1.2 

aMilk, cheese, meats and poultry reported as ppm, fat basis 

bDetection limits: fish 0.5 ppm, other foods.0.05 ppm 
(P.E. Corneliussen, personal communication) 

*Source: Jelinek and Corneliussen, 1976 

Max. 
(ppm) a 

16.8 

2.3 

11.0 

2.8 

N.D. 

N.D. 

N.D. 

N.D. 

Percent 
above 
5 ppma 

0.07 

FY 1975 

Percent 
Positive 

17.8 

0.7 

0.0 

0.0 

0.) 

o.o.· 

0.0 

0.0 

Percent 
Positive 

0.3 

Max. 
(ppm) a 

9.0 

1.9 

N.D. 

N.D. 

0.9 

N.D. 

N.D. 

N.D. 

Percent 
above 
5 ppma 

0.06 

,,. .. ,. 



time and new toleranCE!·S recommended in 1977 (42 FR 17487) are given 

in Table 3. The enforcement of those tolerances and restriction of 

PCB use in open systems after 1970 probably account for the general 

decline of PCB levels in foodstuffs. 

Comprehensive fish surveys conducted by the FDA in fiscal 

years 1973 and 1974 indicated a drop in the intidence of PCB detec

tion in fish from less than 30 percent in 1973 to less than 20 per

cent in 1974. In 1973, 3 percent contained over 1 ppm and 0.5 per

cent contained over 5 ppm PCBs. The data fre>m all FDA studies in 

the fiscal years 1973, 1974, an~ 1975 are summarized in Figure 1. 

While the incidence of PCBs in fish dropped over the period, the 

fraction of positive fish containing over 5 ppm PCBs increased from 

less than 5 f>ercent it:o over 10 percent. The samples containing 

more than 5 ppm were :Erom the Great Lakes. E>ecause the study in

volved different sourc:es and objectives from year to year, no con-.. 

elusion as to whether a significant trend existed was drawn. It 

should be noted that t~ese surveys were conducted with fish in com

merce and provide no information about sport: fish per se. The 

studies indicated that:, significant levels of I>CBs generally do not 

occur in saltwater fish. 

The impact of spqrt fish consumption was examined in a study 

of a group of sports f:ishermen who consumed art average of 24 to 25 

pounds of fish annually (highest individual exposure 180 lbs/year 

over a two-year period). PCB residues in cooked fish ranged from 

0.35 - 5.38 ppm. Plasma PCB levels ranged from a high of 0.366 ppm 

in the exposed group t.o control levels of O.OCI7 ppm (less than six 
I 

lbs consumed per year) (42 FR 17487). 
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TABLE 3 

FDA Regulations for PCBs* 

Commodity 

I. Temporary tolera~ 
PCB com:. 

(ppm) 

Milk (fat basis) 

Dairy products (fat basis) 

Poultry (fat basis) 

Eggs 

Finished animal feed 

Animal feed components 

Fish (edible portion) 

Infant and junior foods 

Paper food-packaging material 
without PCB-irnperrneable barrier 

2.5 

2.5 

5.0 

0.5 

0.2 

2.0 

5.0 

0.2 

aAdministrative guideline, pending hearing 

*Source: Jelinek and Corneliussen, 1976 
42 FR 17487 
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Proposed Guidelines 
1977 

1.5 

1.5 

3.0 

0.3 

0.2 

2.0 

2.0 

pending 
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A bioconcentration factor (RCF) relates the concentration of a 

chemical in aquatic animals to the concentration in the water in 

which they live. The steady-state BCFs for a lipid-soluble com

pound in the tissues of various aquatic animals seem to be propor

tional to the percent lipid in the tissue. Thus, the per capita 

ingestion of a lipid-soluble chemical can be estimated from the per 

capita consumption of fish and shellfish, the weighted average oer

cent lipids of consumeq fish and shellfish, and a steady-state BCF 

for the chemical. 

Data from a recent survey on fish and shellfish consumption in 

the United States were analyzed by SRI International (U.S. EPA, 

1980). These data were used to estimate that the ~er capita con

sumption of freshwater and estuarine fish· and shellfish in the 

United States is 6.5 g/day (~tephan, 1980). In addition, these 

data were used with data on the fat content of the edible Portion of 

the same species to estimate that the wei.qhted average percent 

lipids for consumed freshwater and estuarine fish and shellfish is 

3.0 '9ercent. 

Several laboratory studies, in which percent lipids and a 

. steady-state BCF were measured, have been conducted on polychlori

nated biphenyls. The mean of the BC~ values, after normalization 

to one percent lipids, is 10,385 (see Table 5 in Aquatic Life Toxi

cology section). An adjustment factor of 3 can be used to adiust 

the mean normalized BCF to the 3. 0 percent lipids that is the 

weighted average for consumed fish and shellfish. rhus, the 

weighted average bioconcentration factor for polychlorinated bi

phenyls and the edible oortion of all freshwater and estuarine 

aquatic organisms consumed by Americans is calculated to be 31,200. 
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Higher BCF values apparently can be achieved in field expo

sures (Haile, e~ al. 197 5: Nor stro~, et al. · 1976: Duke, et al. 

1970; Nimmo, et al. 1975; Veith,. 1975; Veith, et al. 1977), but 

those values cannot be considered quantitative because the exposure 

of the organism cannot be adequately documented and integrated over 

a long enough period of time. 

In order to esti~ate human dietary PCB intake, the FDA con-

ducts a continuing survey of the total diet. Composites of 12 dif

ferent food categories are analyzed for PCB content. Table 4 sum-

marizes the results of' the survey from 1971 through the first half 

of 1975. While contamination was observed in most categories in 

1972, the number of positive categories had dropped by 1973. In 

1974 and 1975 only meat, fish, and poultry were:! observed to contain 

PCBs; fish was almost ,always the contributor oJ~ positive results in 

that category (Jelinelt and Corneliussen, 1976). Most of the con-

tamination noted in the other categories iil earlier years was 

thought to result fr•:>m exposure during proc:essing or packaging 
' 

because the raw foods were rarely found to contain PCBs. Total 

daily intake, calculated from the composite figures for a young 
' 

adult male over the period 1971-75, is swrumarized in Table 5. 

Total daily intake dropped by almost SO perc•nt over the period, 

but intake in the meat-fish-poultry category changed very little. 

By 1974, almost all of: the dietary intake resulted from the inges-

tion of PCB-contaminated fish. The mea.sures taken in the early 

1970's to limit the J:elease of PCBs into the:! environment and to 

remove them from food. processing environments' effectively reduced 

direct contamination of foodstuffs to a minimum level. The persis-
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1972 6 
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Percent of Composites Containing PCBs, 

from the FDA Total Diet Studies* 
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*Source: Jelinek and Corneliussen, 1976 
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Fiscal 
Year 

1971 

1972 

1973 

1974 

1975 (1st 

TABLE 5 

Estimates of Daily PCB Intakes* 

(Total Diet Study - Teenage Male) 

Average Daily Intake of PCBsa 

Total Diet Meat-fish-poultry 
(l!g/day) Food Class (l-!9/day) 

15.0 9.5 

12.6 9.1 

13.1 8.7 

8.8 8.8 

half) 8.7 8.7 

aLower limit of quantitative reporting = 0. O~i ppm with analyt
ical method employed 

*Source: Jelinek and Corneliussen, 1976 
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tence of PCBs in aquatic environments and in fish.has m~intained a 

residual dietary exposure level. Further reduction of PCB levels 

in the diet will require that entry of PCBs into waterways be more 

tightly controlled and that monitoring of fish and other foods for 

PCB contamination be continued (Jelinek and Corneliussen, 1976). 

The recently recommended reduction of allowable PCB leve1s in fish 

to 2.0 ppm may further reduce dietary intake (42 FR 17487). 

Two special situations which must be avoided to prevent un

necessary PCB ingestion should be mentioned. First, ~ccidental 

contamination of foodstuffs or feeds with PCBs must be avoided. 

Although PCB manufacture is now stopping and distribution will 

cease in the near future, many PCB-containing products remain in 

service. Failure to exercise care in the maintenance and disposal 

of these units could result in the contamination of food or water. 

The tragic results of the episode of rice oil contamination .. in 

Japan (Kuratsune, 1972) provides ample evidence of the need for 

care and continued surveillance of foods. Second, although occupa

tional exposure to PCBs will decline over the next several years, 

the possibility of food contamination as a consequence of transfer 

from workers' tools or clothing must be considered as a possible 

route of dietary exposure. 

Inhalation 

PCBs can enter the atmosphere by vaporization and may be found 

in either gaseous form or adsorbed to airborne particulates. Prior 

to the restriction of PCB use, substantial losses to the atmosphere 

resulted from evaporation of plasticizers and from improper incin

eration. In 1972, terrestrial input from fallout was estimated to 
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be 1,000 to 2,000 tons/year. Annual emission rates were estimated 

at lf500 to 2,500 tons (Nisbet and Sarofim, 1972). In 1975, a study 

of PCB content in air in suburbari areas irt Florida and Colorado 

indicated that average atmospheric levels werE! clpproximately 100 

ng;m3 (Kutz and Yang, 1976) • Rates of fallout, along the southern 

California· coast were estimated to average 1,800 kg/year over a 

50,000 km2 area (Young, et al. 1976). The distribution of PCBs in 

air is nonuniform, being more highly concentrated in urban areas. 

The aerial fallout su1:vey in southern CalifoJmia indicated that 

sectors in the urban areas around Los Angeles bad fallout rates of 

up to 180 kg/yr, while less industrialized sectors had rates as low 

as 30 kg/yr. A study of PCB levels in soil samples showed that they 

were rarely detectable in agricultural soils but were found in 63 

percent of urban samplt!S from 19 cities (Carey and Gowan, 1976). 

General human exposure to inhaled PCBs probably varies with the· 

local conditions. In relation to the 9 'l.lg/dc!Y intake estimated 

from the diet (Jelinelt and Corneliussen, 1976) , nonoccupational 

exposures by inhalation are probably small. 

While inhalation c•f PCBs is not and most likely will not be a 

major route of general human exposure, it is a highly significant 

route of occupational exposure. Early in i t:s commercial use an 

association was obser,i7ed between occupationa.l exposure to PCB 

vapors and chloracne (Jones and Alden, 1936: Schwartz, 1936). The 

benefits of controllin9 leaks from closed sysfems into work envi

ronments were noted by 'Meigs, et al. (1954). 

A study of occupat::ional exposure in Japan found PCB vapors at 

levels between 13 and 540 'l.lg/m3 and airborne particulates between 4 
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and 650 ).lg/m3 in a survey of six industrial plants. An additional 

finding of 6, 270 ).lg/m3 PCB particulates was associated with a 

spill. Blood PCB levels of 99 exposed workers averaged 370 ppb as 

compared to levels in 32 controls of 20 ppb {Hasegawa, et al. 

1972}. Ouw, et al. {1976) observed Aroclor 1242 levels between 

2.22 and 0.32 mg/m3 in different areas of: an electrical equipment 

manufacturing facility in Australia. Blood Aroclor levels were 

analyzed by gas chromatography, and fractions with several reten

tion times standardized against Aroclor 1242 wer• detected in ex

posed workers. Workers in an impregnation room where inhalation 

was a major mode of exposure had hiqher levels of PCBs than did 

workers in another area where exposure was primarily dermal. A 

series of 30 control individuals was not found to have detectable 

PCB levels. The limit of detection in this study was not reported: 

however, Finklea, et al. {1972) reports American control populati"on 

blood levels of 0.3 to 3 ppb. 

It is difficult to differentiate between industrial exposure 

by inhalation and dermal absorption (see Dermal section). Animal 

studies do indicate that animals exposed to PCB aerosols show raoid 

increases in liver PCB levels. Exposure to Pydranl A 200 for 15 

minutes resulted in the accumulation in the liver of SO percent of 

the PCBs accumulated after two hours (Benthe, et al. 1972). The 

lung appears to be a good site of absor~tion, and certain occupa

tional environments contain significant levels of airborne PCBs. 

The National Institute for Occupational Safety and Health has re

cently proposed an occupational exposure limit of 1.0 ug/m3 on a 

time weighted average 10-hour day, 40-hour week bas is (T:>TIOS'F., 
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1977). Assuming a tid<:J.l air volume of 10 m3 in an eight-hour day 

and 100 percent absorption, the resulting dose at this exposure 

level would be 10 ug/day. 

Dermal 

Dermal ex9osure, like inhalation exPosure, is a particularly 

significant route in the occupational setting. With the restric

tion of PCB uses to sealed systems, the use of PCBs in Products to 

which the public might be exposed has declined markedly, reducing 

opportunities for genetal ex9osure. Past uses of PCBs in carbon

less copy paper, printt:!r's inks, and other -prc,ducts probably con

tributed to general PCB exposures. Documented exnosures are larqe

ly occupational as ex.emplified by the results of Ouw, et al. 

(1976). The authors n()ted that one grou-p of em-ployees was largely 

exposed through skin contact and had significantly elevat~d blood 

PCB levels. 

In a variety of animal s.tudies dermal application of several 

PCB-containing materials has Produced both local and systemic ef

fects including liver degeneration and death (~iller, 1944: Pari

bok, 1954; Vos and Beenns, 1971). In neonatal 1~ats treated by skin 

application with PCBs, a 5- to 10-fold increae;e in aryl hydrocar

bonhydroxylase_activit~ occurred in liver, skin, lung, and kidney, 

indicating significant .distribution to these tissues after exposure 

by this route (Bickers, 1976; Bickers, et al. 1975). 

The relative contributions of various routes of exposure can 

be expected to vary widely. Occupational expo1sures are by far the 

most severe with inhalation and skin contact being the major routes 

of absorption. A noteworthy by-product of occ:upational PCB expo-
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sure is the elevated risk of exposure among other members of work-

ers' families. An epidemiological study in Bloomington, Indiana .;. 

revealed significantly elevated serum PCB levels among a group of 

18 occupationally exposed workers (mean 71.7 ppb) and a slight ele

vation among 19 members of their families (near 33.6 ppb) as com

pared to background levels (5 to 20 ppb) (McCloskey, et al. 1978). 

The general public is widely exposed to PCBs but at much lower 

levels and primarily through the diet. Fish living in contaminated 

waters are by far the largest contributors to dietary PCBs (Jelinek 

and Corneliussen, 1976). 

PHARMACOKINETICS 

Absorption 

The efficiency of PCB absorption in ·the gut of rats was shown 

to be between 92 to 98.9 percent (Albro and Fishbein, 1972). Nei

ther the degree of chlorination (mono-hexachlorobiphenyl) nor the 

dose ingested (5 to 100 mg/kg) markedly affected the efficiency of 

the uptake. Matthews and Anderson (l975b) observed a red~ced accu

mulation of PCBs in adipose tissues of rats exposed orally as com

pared to intravenous (i.v.) injection. The differences,were more 

pronounced with biphenyls of low chlorine content and were thought 

to be related to route of absorption and metabolic rates, rather 

than to the overall efficiency of transport across the gut. Ab

sorption via the gut was also very efficient in adult Rhesus mon

keys, 90 percent of a single dose of 1.5 or 3.0 g/kg Aroclor 1248 

being absorbed from the gastrointestinal tract (Allen, et al. 

1974a). 
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Efficient abs6rption via inhalation has been demonstrated in 

rats by Benthe, et al. (1972). 

In humans, absorption via the intestine has been best illus-

trated by the Yusho Japan incident in 1968. Among individuals 

ingesting less than 720 ml of contaminated rice bran oil (equiva-

lent to 1.5 to 2.2 g Kanechlor 400), 39 percent developed severe 

symptoms and an additional 49 percent developed moderate symptoms 

of PCB intoxication. 'rhe lowest level of PCB ·.ingestion in an af

fected individual was 1 estimated to be 0.5 g: (Kuratsune, et al. 

1972). Absorption via the respiratory tract and skin is also effi

cient as indicated by occupational exposures where effects of PCB 

exposure can be detected even at doses too low to produce pathology 

(Alvares, et al. 1977). 

Distribution 

PCBs given to rats by i.v. injection aJ~e removed from th.~ 

blood rapidly and stored initially in the liver and muscle. ·With 

time they are redistributed primarily to skin and adipose tissue 

(Matthews and Anderson., 1975b). The degree· to which· PCBs are 

stored or excreted depends on their susceptibility to metabolism 
' 

and, therefore, on the degree of chlorination .and availability of 

adjacent unsubstituted carbons. Tissue levell; of mono-, di-, 

penta- and hexachlorobiphenyls in rats given a ~ingle injected dose 

at 0.6 mg/kg were determined by Matthews and Anderson (1975b). The 

maximum doses accumulated in each tissue incre~ased with degree of 

chlorination as did the half-life in each tis:;ue. The proportion 

of· total PCBs present in tissues as met~bolit.es was greatest for 

the mono- and dichlor;obiphenyls. Hexachlorobiphenyls in tissues 
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were largely unmetabolized. The distribution of PCBs in adipose 

tissue provides a useful example of the relative accumulation of 

different isomers. Tissues were examined for up to 42 days1 a sum

mary of the results is presented in Table 6. 

A similar pattern was observed in skin, with up to 22 percent 

of the hexachlorobiphenyl dose being accumulated there at 1 day and 

residual levels around 15 percent remaining at 42 days. 

Single intravenous doses of 0.6 or 6.0 mg/kg of 2,4,5,2',5'

pentachlorobiphenyl were cleared from the blood in ten minutes and 

initially deposited in liver and muscle. They were subsequently 

translocated to adipose tissue and skin as depositories (Matthews 

and Anderson, 1975a) • 

A single administration of approximately 500 mg/kg of 

2,5,2',5'-tetrachlorobiphenyl to rats resulted in a similar distri

bution with adipose, skin, and blood being the significant storage 

depots after 24 hours (Van Miller, et al. 1975). 

The significance of chlorine positic:m as well as number was 

addressed in a study of the pharmacokinetics of 3,5,3',5'-tetra

chlorobiphenyl (TCB) by Tuey and Matthews (1977). The arrangement 

of chlorines on this molecule results in the absence of adjacent 

unsubstituted sites. The pattern of distribution of the compound 

following a single i.v. injection of 0.6 mg/kg was similar to that 

observed in earlier studies (Matthews and Anderson, 197Sa,b) with 

adipose tissue and skin becoming the major long term storage sites. 

However, loss of 3,5,3',5'-TCB was slower than earlier observed for 

2,4,5,2',5'-pentachlorobiphenyl (see Table 6) with the maximum adi

pose tissue load reaching 52.9 percent of total dose on 
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di-
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TABLE 6 

Storage of PCBs in Adipose Tissue in Rats* 

(Values are Percent of Total Dose 0.6 mg/kg) 

Time of 
Maximum Maximum 

Cl-n .. oA .., '-...., ....... ~ 

11.63 + 5.64 1 hr 

52.75 + 14.99 2 hr 

23.54 + 3.0 1 day 

85.18 + 21.6 42 days 

*Source: Matthews and Anderson, 1975b 
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.•. 
" 

Amount at 
7 Days 

0.234 + 0.055 

1.837 + 0.213 -
13.04 + 2.1 -
56.08 + 15.72 
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day 4 and the r~sidual on day 7 remaining at 45.4 percent. The 

distribution of several tetrachlorobiphenyl isomers in ··mice ·was 

analyzed by Mizutani, et al. (1977). In all cases the accumulation • 

of the compound was greater in the carcass than in the liver. A 

tendency for those isomers with adjacent unsubstituted carbons to 

be rapidly cleared was observed. 2,6,2',6'-TCB was very rapidly 

cleared from carcass and liver, and 2,3,2',3'-TCB was cleated fair

ly rapidly. However, 2,4,2',4'-TCB was more resistant to removal 

than 3,5,3',5'-TCB, which might not be anticipated on structural 

grounds. The half-life in the carcass of the former was 9.2 days 

but only 2.1 days for the latter. The degree of accumulation of the 

isomers was assessed by the introduction of an index referred to as 

a storage ratio (the daily amount entering storage/daily oral in-

gestion). By this measure 3,5,3' ,5'-TCB and 2,4,2' ,4'-TCB were 

similar with indides of 0.7 and 0.6, respectively, while.the moi~ 

readily metabolized 2,3,2',3'-TCB had an index of 0.06. 

The distribution of 2,5,2',5'-TCB in infant Rhesus monkeys was 

determined after a single dose of tritiated TCB (500 mg/kg). At 72 

hours the distribution differed from that in rats in that the label 

was more widely dispersed in the monkeys. Blood levels were lower 

than observed in rats, and the major storage depots were bone mar

row, adrenal glands, and skin. Most of the labeled material was 

associated with macromolecules, although it was largely extractable 

and not covalently bound (Hsu, et al. 1975a). 

Distribution of PCBs in the human body has not been the sub-

ject of systematic experimentation. Data available from general 

population surveys indicate that general patterns of distribution 
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are consistent with those found in other animals. When detected in 

the adipose tissue of,the general populace, PCB levels are around 1 

mg/kg (Yobs, 1972; Kutz and Strassman, 1976;' GJ:ant, 'et al. 1976) • 

Plasma levels detectt!d in the general populacE! are two to three 

orders of magnitude .lower than adipose levels (Finklea, et al. 

1972). Similarly, Yusho patients exhibited .a 100- to 1,000-fold 

greater concentration in the fat of skin, liVI!r and in adipose tis-

sue than in plasma. Over several years bot.h the fat and plasma 

levels were observed to decline to near normal levels (Kuratsune, 

et al. 1976). The PCBs found in human adipos.e tissues in the u.s. 
I 

chromatographically resemble Aroclor 1254 and
1

1260, suggesting that 

less chlorinated isomers found in Aroclor 1248 are preferentially 

excreted (Kutz and Strassman, 1976). 

Metabolism 

The metabolism oJe PCBs has been studied e~xtensively in several 

organisms. A detailed review of PCB metabc)lism was written by 

Sundstrom, et al. (1976a). Rather than attempt to treat the sub-

ject exhaustively, thl·s section will summarize. the major character

istics of PCB metabolism which relate to thei~ distribution, accu

mulation, toxicity, a1:id possible mechanisms o~ c:arcinogenici ty. 

The metabolism of PCBs depends on their:cnlorine content and 

the sites of chlorination on the biphenyl (Sundstrom, et al. 1976a; 

Lutz, et al. 1977). While the overall mechanisms of metabolism 

appear to be similar :in most vertebrates examined, the capacity to 

metabolize PCBs declines from mammals to bird:s t:o fish (Hutzinger, 

et al. 1972). Elucidation of PCB metabolism has been made possible 

by the use of individual purified isomers. Pr~dominantly, the pro-
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ducts of PCB metabolism at all levels of chlorination are biphenyl

ols, biphenyldiols, and dihydrodihydroxybiphenyls, although the 

types and proportions of specific metabolites varv in different 

species. A few biphenyltriols and methoxy derivatives have also 

been observed (Sundstrom, et al. 1976a). 

The structures of several PCB metabolites support the forma-

tion of arene oxides as intermediates. The first evidence for the 

formation of arene oxid~ intermediates was obtained by Gardener, et 

al. (1973). They isolated trans-3,4-dihydroxy-3,4-dihydro-

2,2',5,5'-tetrachlorobiphenyl as a metabolite of 2,2',5,5'-tetra

chlorobiphenyl in rabbits. More direct evidence for the formation 

of arene oxides was obtained by Safe, et al. (1975, 1976). In rab

bits and frogs the biohydroxylation of 4-chlorobiphenyl was inves

tigated using 4'-2H-4-chlorobiphenyl. The ma~or metabolite, 
.. 

4'-chloro-4-biphenylol, retained 79 percent of the label which is 

consistent with arene oxide formation (Daly, et al. 1972) , The sub

sequent isomerization of the arene oxide results in the migration 

of the deuterium atom from the ultimate site of hydroxylation to 

the adfacent carbon, an NIH shift. Oaly, et al. (1972) consider 

the NIH shift of labeled hydrogens, halogens or alkyl substituents 

to be indicative of enzymatic arene oxide formation. A subsequent 

hydroxylation to 4'-chloro-3,4-biphenyldiol resulted in the loss of 

half the remaining deuterium, sugqesting a direct hydroxylation 

rather than a second arene oxide formation (Safe, et al. 1975). 

4, 4 '-Dichlorobiphenyl produced three metabolites in the rabbit: 

4,4'-dichloro-3-biphenylol, 3,4'-dichloro-4-biphenylol, and 

4'-chloro-4-biphenylol. These products are consistent with a mech-
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anism involving 3,4-arene oxide formation followed by epoxide ring 

opening. Either a 1,2-halogen shift, with or without halogen elim

ination upon tautomel:ization, or 3-ol formation after arene ring 

cleavage would produ~e the ultimate products (~afe, et al. 1976: 

Sundstrom, et al. 19'76a). The reactions ar.e diagrammed in Fig-

ure 2. Other examples of PCBs for which mE!tabolic pathways are 

consistent with arene oxide formation includa 2~2',4,4',5,5'-hexa

chlorobiphenyl in rablbi ts (Sundstrom, et al. l~976b) and 4-chlorobi

phenyl and 4,4'-dichlorobiphenyl in rats (Hass, et al. 1977). In

fant Rhesus monkeys. fed 2, 5, 2' , 5-tetrachlor<,biphenyl excreted 

dihydroxy, dihydrodihydroxy, and dihydrotrihydroxy derivatives in 

urine (Hsu, et al. 1975b). 

The K region epc,xides of polyaromatic hydrocarbons are known 

to bind to nucleic a<:ids in vitro (Grover ar11d Sims, 1970) and in 

cultured mammalian cells (Grover, et al. 1975). Furthermore, they 

are capable of transforming cells in cultuz:e (Huberman, et al. 

1972) although their si~nificance in tumor induction in animals is 

in doubt (Grover, et al. 1975). It has been suggested that arene 

oxide metabolites of PCBs may react with nucl!!ophilic sites in D~A 

and other macromolecu~es and that alkylation ·of critical sites may 

be involved in the induction of tumors (Allen and Norback, 1977). 

Excretion 

The primary routes of PCB excretion an:e bile (observed in 

feces) and urine. Excretion is closely coupled to metabolism. In 

rats less than ten percent of excreted PCBs were unmetabolized 

(M:atthews and Anderson, 1975b). The rate and' e1:ficiency of excre

tion were highly de·pendent upon the degree j of chlorination and 
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Metabolic Pathways for 4,4'-dichlorobiphenyl in the Rabbit 

Source: Sundstrom, et al. 1976a 
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structure. Urinary eJC:cretion of PCBs accountetd for the removal of 

59.8, 33.9, 7.6, and 0.7 percent of total dose of mono-, di-, 

penta-, and hexachlorobiphenyl, respectively. Over 60 percent of 

urinary excretion occurred within the first 24 hours and all uri

nary excretion ceased by the ninth and fourth days, respectively, 

for penta- and hexachlorobiphenyl (Matthews and Anderson, 1975b). 

All the 2,4,5,2 1 ,5 1 -pentacnlorobiphenyl excreted in urine by rats 

was in the form of a glucuronide conjugate of a metabolite (Chen 

and Matthews, 1974). While urinary excretion usually ceases within 

a few days, biliary excretion continues for .. ar! extended period. 

The relative contribution of biliary excretion to the elimination 

of PCBs increases with chlorination. The kinE~tics of excretion of 

mono- and dichlorobiphenyl are monophasic while the elimination of 

penta- and hexachlorc,biphenyl is biphasic. :while 90 percent of 

PCBs up to pentachlot·obiphenyl were excreted~ in 42 days or less, 

hexachlorobiphenyl was largely retained in the tissues of the ani

mal.. Extrapolation c>f the excretion data indicated that only 20 

percent of 2, 4, 5, 2 1 ,4 1
, 5 1 -hexachlorobiphenyl ~~ould ever be excret

ed (Matthews and Anden:son, 1975b). The absenj::e of adjacent unsub

sti tuted carbons greatly decreased excretion .as would be expected 

from the effects C)f structure on stora.ge and metabolism. 

3,5,3 1 ,5'-Tetrachlorobiphenyl (TCB) is excreted at about the same 

rate as 2,4,5,2 1 ,5 1 -pentachlorobiphenyl (Tuey and Matthews, 1977: 

Matthews and Anderson, 1975a). While the half-life in fat for 

2,5,2 1 ,5 1 -TCB was abc)ut 33 hours at 500 mg/kg dose in rats (Van 

Miller, et al. 1975), the half-life for 3,5,3 1 ,5 1 -TCB was 12 to 15 

days at dose levels oJE 0. 6 mg/kg in rats (Tue~· and Matthews, 1977) • 
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The half-lives of the individual PCB isomers in the rat may be 

approximated by the fecal half-lives, which are 15.7 and 22.2 hours 

for mono- and dichlorobiphenyl, respectively. Penta- and hexachlo

robiphenyls elimination is biphasic, with first and second compo

nent half-lives of 39.2 and 211 hours for pentachlorobiphenyl and 

49 and 642 hours for hexachlorobiphenyl (Anderson, et al. 1977). 

Because only 20 percent of the hexachlorobiphenyl is ultimately ex

creted, its half-life is indefinite. 

Rates of elimination of a series of tetrachlorobiphenyls (TCB) 

in mice were determined by Mizutani, et al. (1977). Half-lives for 

TCB isomers in liver and the carcass ranged from 0.9 ,days for 

2,3,2',3'-TCB to 9.2 and 7.8 days for the loss of 2,4,2',4' from 

carcass and liver, respectively. Structur~! did not influence elim

ination as markedly as in the rat. 3,5,3',5'-TCB had half-lives of 

2.1 and 2.2 days in carcass and liver. However, stimulation of 

metabolism by the addition of phenobarbitol did increase the rate 

of elimination of 2,4,2',4'-TCB more than 3,5,3',5'-TCB. The auth

ors concluded that the rate-limiting step i.n the elimination of the 

isomers was release from storage in the tis;sues of the. mouse rather 

than metabolism. 

Two differences between the elimination of 2,, 5, 2', 5 '-TCB in 

infant Rhesus monkeys and rats may be of interest in evaluating 

human metabolism. Single doses of 500 mg/kg to r,ats resulted in 

total elimination of about 76 percent (66 percent feces, 10 percent 

urine) in 72 hours (Van Potiller, et al. 1975). In primates only one 

percent of the same dose was eliminated in feces and two percent in 

urine after 72 hours (Hsu, et al. lq75a). In addition, the major 

excreted metabolite in rats appeared to be 3-hydroxy TCB, while a 
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dihydrodio~ TCB predom:inated in monkeys {Van l~il.ler, et al. 1975; 

Hsu, et al. 1975b) • 

A final comment c:m the pharmacokinetics ,of PCBs must be ad

dressed to transplacent:al and transmammary movemel'lt. Transplacent

al uptake of PCBs by a fetus has been documentec~ in mice (Masuda, ec 

al. 1978), rats (Curle1y, et al. 1973), Rhesus monkeys (Allen and 

Barsotti, 1976) , and humans (Yoshimura, 197 4) . · J:n mice, transpla

cental and transmammary uptake of PCBs were c:tpproximately 0.1 to 

0.2 and 20 to 35 perc1ent of total dose, respE!ctively (Masuda,· et 

al. 1978). Similar values were observed in rats (Mizunoya, et al. 

1974). Female monkeys; consuming 2.5 ppm Aroclor 1254 transferred 

enough via breast milk to produce severe hyper:~lastic gastritis in 

nursing infants (Allen' and Barsotti, 1976). l~ecently, a prelimi

nary mathematical model of PCB distribution ir.t rats has been pro

posed (Lutz, et al. 1977; Anderson, et al. 1977). 

It should be note:d that most of the labc•ratory studies dis

cussed above have been performed with pure isollllers, while toxicity 

studies and environmel:'ltal exposures involve cotrnmercial mixtures 

with possible dibenzofuran contamination. In ,addition, commercial 

mixtures tend to contain asymmetrical polychlorinated biphenyls 

(NIOSH, 1977). 

The pharmacokinetics of PCBs can be summarized with the fol

lowing points: 

1. They are readily absorbed through the gut,i rE!spiratory system, 

and skin. 

2. They may initially concentrate in the liver, blood, and muscle 

mass; but long-tet:m storage in mammals is primarily in adipose 

tissue and skin. 
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3. The major metabolic products of PCBs are phenolic derivatives 

or dihydrodiols which may be formed through pathways with 

arene oxide intermediates or by direct hydroxylation. The 

susceptibility of individual PCB isomers to metabolism is a 

function of the number of chlorines present on th~ biphenyl 

and their arrangement. Biphenyls which have one or .more pairs 

of adjacent unsubstituted carbons are more rapidly metabolized 

than those which do not. 

4. PCBs which are readily metabolized are also rapidly excreted 

in the urine and bile. Excretion in. urine is most prominent 
' 

for the least chlorinated, while bile becomes the more signif-

icant route of excretion for more highly chlorinated isomers. 

5. Those isomers which are most refractory to metabolism accumu-

late for increasing periods of time in fatty tissues. Highly 

chlorinated isomers are accumulated almost indefinitely. 

6. PCBs can be transferred either transplacentally or in breast 

milk. 

1. Nonhuman primates may retain PCBs more efficiently than 

rodents. 

EFFECTS 

Acute, Subacute, and Chronic Toxicity 

Several reviews of the toxic effects of PCBs in animals and 

man have appeared in recent years (Kimbrough, 1974; Fishbein, 1974; 

Peakall, 1975; Kimbrough, et al. 1978; Cordle, et al. 1978; NIOSH, 

1977 (which is particularly recommended for human effects)]. This 

section will attempt to highlight the mc:>st significant toxic ef

fects observed in animals and man, but wi.ll not seek to•be compre-

hensive. 
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The acute oral and dermal Ln50 s for PCBs. in rats, mice, and 

rabbits are given in Tc!bles 7, 8, and 9. In the class-ification by 

the American Industrial Hygiene Association, the PCBs are slightly 

toxic or almost nonto,xic (Hodge and Sterner~ 1949}. In rats, 

Bruckner, et al. (1973} observed a 14-day Ln50 bf 4.25 g/kg. Toxic 

effects of high doses of Aroclor 1242 included diarrhea, chromo

acryorrhea, loss of bo~y weight, unusual stance and gait, lack of 

response to pain stimuli, and terminal ataxia. CNS deterioration 

and dehydration were thought to be contributing factors. Histo

pathologic changes were observed only in liver and kidney. Miller 

( 1944} found the guinea pig most sensitive to ~.roc lor 1242 followed 

by the rabbit and rat. In the rat, toxicity decreased with in

creasing degree of chlorination; however, the effect was not ob

served with rabbits (Fishbein, 1972). 

The more signific:ant toxic effects of PCBss are observed on 

repeated exposure over a period of time. Aroclor 1254 at 1,000 ppm 

in the diet was fatal :to 75 percent of male 1~ats in 43 days with 

total intakes of 500 tt::> 2, 000 mg/kg being lethal (Tucker and Crab

tree, 1970). Phenoclo.r DP6 fed at 2,000 ppm :to rats resulted in 

marked weight loss and death between 12 and 56 days after the ini

tiation of treatment (Vos and Koeman, 1970). :Guinea pigs treated 

dermally for 11 days wlL th a total of 379.5 mg c•f <:l PCB with 42 per

cent average chlorine content died at intervals up to 21 days fol

lowing the first application (Miller, 1944}. Aroclor 1254 at 1,000 

ppm in the diet killed 5/10 male rats and 8/lO,female rats. At 500 

ppm over eight months two males and one fE!male died while no 

lethality was observec~ at 100 or 20 ppm. Ax:oclor 1260 was less 
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TABLE 7 

Acute 'l'oxicity of PCBs in Several Strains of Rats and Mice* 

---··---··- -----------------
Compound Tested 

--
Aroclor 1254 
Aroclor 1260 
Aroclor 1254 
Aroclor 1260 
Aroclor 1254 
Aroclor 1221 
Aroclor 1262 
Aroclor 1240 
Acoclor 1254 
Aroclor 1254 
Aroclor 1254 
Arocloc 1254 
Kaneclor-400 
Kanecloc-400 
Kaneclor-400 
Kaneclor-400 
Kaneclor-300 
Kaneclor-300 
UP-200 biphenyls of 
dichloride and below 

2,4'-Dichlorobiphenyl 
Trichlorobiphenyl 
Biphenyl of trichloride 
and below 
~.4~1',4'-Tetcachlorobiphenyl 
5-011 derivative of 2,4,3',4'

tetrachlorobiphenyl 
2,3,4,3',4'-Pentachlorobiphenyl 

aHeference numbers from source 

*Source: Kimbrough, et al. 1978 

Species and Sex 

Rat (adult, Sherman strain) 
Rat (adult, Sherman strain) 
Rat (weanling, Sherman strain) 
Rat (weanling, Sher•an strain) 
Rat (feMale, Sherman strain) 
Rat (fe•ale, Sheraan strain) 
Rat (feaale, Sherman strain) 
Rat 
Rat (Wistar, 30-day-old, H-F) 
Rat (Wlstar, 60-day-old, H-F) 
Rat (Wlstar, 120-day-old, H-F) 
Rat (Wistar, 120-day-old, P) 
Rat (Wistar, M) 
Rat (Wlstar strain, F) 
Mice (CPI strain, •u 
Mice (CFI strain, F) 
Rat (Wistar strain, H) 
Rat (Histac strain, F) 
Mice (dd strain, P) 
Mice (dd strain, P) 
Mice (dd strain, F) 
Mice (dd strain, P) 
Mice (DVI stra.in) 

Mice (CFI strain) 

Hice (CFI strain) 

Route 

Oral 
Oral 
Oral 
Oral 

Intravenous 
Oral 
Oral 
Oral 
Oral 
Oral 
Oral 
Oral 
Oral 
Oral 
Oral 
Oral 
Oral 
Oral 
Oral 
Oral 
Oral 
Oral 

Intraperitoneal 

Intraperitoneal 

Intraperitoneal 
-·-----

LD 
g/kg Body Weight 

4 - 10 
4 - 10 
1.295 
1.315 
0.358 
4.00 

11.3 
4.25 
1.3 
1.4 
2.0 
2.5 

1.30 (al kg) 
1.14 <•1 kg) 
1.875 (1111 kg) 
1.57 (lal kg) 

1.15 
1.05 

6.36 
7.86 

3.06 - 4.25 
9. 2"/ 

2.15 

0.43 
0.65 

Referencea 

(5) 
(5) 
(5) 
(5) 
(5) 
(6) 
(6) 
(7) 
(0) 
(0) 
(U) 
(0) 
(9) 
(9) 
(9) 
(9) 
(9) 
(9) 

(10) 
(10) 
(10) 
(JO) 

(11) 

( ll) 

(11) 

"' 
.. 
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TABLE 8 

Oral LD · (rat)a,b 
50 .. ' 

Compound 'I'ested 

--------------------·-------------------------
Aroclor 1221 (Undil.uted) 

Aroclor 1232 (tlndil~ted) 

Aroclor 1242 (Undiluted) 

Aroclor 1248 (TJndiluted) 

Aroclor 1260 (50% ~;oln in corn oil) 

Aroclor 1262 (50% ~;oln in corn oil) 

Aroclor 1268 (33.3% soln in corn oil) 

anata of Panel on Hazardous Substances (6) 

bsource: Kimbrough, et al. 1978 
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LD5o 
I 
~ g/kg body weigh~ 

2.000 

1.26 

3.169 

2.0 

0.794 - 1.269 

0.794 - 1.269 

1.26 - 2.0 

1.26 - 3.16 

2.5 



Aroclor 

Aroclor 

Aroclor 

Aroclor 

Aroclor 

Aroclor 

Aroclor 

aoata of 
bsource: 

TABLE 9 

Skin LO (rabbits)a,b so 

Compound Tested 

1221 (Undiluted) 

1232 {Undiluted) 

1242 (Undiluted) 

1248 (Undiluted) 

1260 (50% soln in corn oil) 

1262 (50% soln in corn oil) 

1268 (50% soln in corn oil) 

Panel on Hazardous Substances (6) 
Kimbrough, et al. 1978 
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tnso 
g/kg body weiqht 

3.98 

4.47 

8.65 

11.0 

10.0 

11.3 

10.9 



toxic, with 8/10 females, but no males, dying at 1, 000 ppm. No 

males died at lower doses, and 1/10 and 2/10 females died at 100 and 

500 ppm, respectively. Substantial weight lossE~s were observed at 

100 and 500 ppm in both males and females (Kimbr•ough, et al. 1972) . 

Mink have been shown to be unusually sensitive to PCBs. A mixture 

of Aroclors 1242, 1248 and 1254 at 30 ppm in th1e diet for 6 months 

was 100 percent lethal (Aulerich, et al. 1973), !as was 3.6 ppm Aro-

clor 1254 over 105 day~ in another study (Plantonow and Karstad, 

19 IJ) 0 
Adult Rhesus monkeys (Macaca mulatta) were particularly 

sensitive to PCBs. Aro·clor 1248 at 100 or 300 ppm in the diet for 

two to three months resulted in extreme morbidity within one month 

and almost 100 percent .mortality within three .months. Total in-

takes for the two groups were 0.8 to 1.0 g for 100 ppm and 3.6 to 

5.4 g for 300 ppm (Allen, 1975). 

The most consisten.:t pathological changes Ctccurring in mammal·s 
i 

after PCB exposure are in the liver. In rats, rabbits, and guinea 

pigs, Miller (1944) obs~erved fatty deposits aft:er acute injections 

and similar changes in rabbits and guinea pigs 'after dermal appli-

cation. In feeding experiments, marked fatty metamorphosis was 

noted in guinea pig liver with intracellular hyaline bodies being 

observed in rats. Less striking changes were noted in the kidneys, 

lungs, adrenals, and he! art of guinea pigs. Rats e!xposed repeatedly 

to dietary PCBS show increased liver weights: (Kimbrough, et al. 

197 2; Bruckner, et al. 1973) . Kimbrough, et .!al. ( 1972) fed rats 

11roclor 1254 or 1260 a.t levels between 20 and' 1,000 ppm for eight 
i 

months. Light microscc)pic changes observed inc:luded hypertrophy of 

liver cells, cytoplasmic inclusions, brown ,pigment in Kupffer 
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cells, lipid accumulation and, at higher doses, adepofibrosis. 
Ultrastructural examination revealed an increase in smooth endo-
plasmic reticulum. The effect of Aroclo1: 1254 was more pronounced ~ 

than that of 1260. Porphyria was observed in the livers and, occa
sionally, other tissues of animals exposed to either mixture. 

Rats fed 2,000 ppm Phenoclor OP6 also had enlarged livers with 
vacuolated foamy cells containing pycnotic nuclei (Vos and Koeman, 
1970). Vacuolization of liver cells was also noted by Bruckner, et 
al. (1973) after dosing rats with 100 mg/kg Aroclor for three 
weeks, although no overt toxicity was manifest. 

Rats fed 100 ppm Aroclor 1242 (6.6 to 3.89 mg/kg/day) or Aro
clor 1016 (6.9 to 3.5 mg/kg/day) for periods of up to ten months 
showed no signs of overt intoxication or gross liver changes. En
larged hepatocytes· with vact,Iolated cytopl.asms and inclusions were 
noted. Aroclor 1242 seemed to produce more pronounced changes than 
1016. Four and six months after the discontinuation of exposure 
hepatocytes were still enlarged but cytoplasmic vacuoles and inclu
sions had diminished, suggesting a degree of reversibility of ef
fect. Significant residual levels of PCBs remained in ad~pose tis
sue. Using electron microscopy, increased smooth endoplasmic reti
culum and lipid vacuoles as well as atypical mitochondri~ were ob
served. No significant gross changes in other organs were noted 
(Burse, et al. 1974). 

Allen and Abrahamson (1973) fed rats 1,000 ppm of either Aro
clor 1248, 1254, or 1262 for 1, 3, 7, 14, 21, or 28 days or 6 weeks. 
Overt toxicity was not observed, although weight gain was retarded 
in all treated groups. The effect was inversely proportional to 
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percent chlorination. Increased liver size, l::>rotein, and RNA con-

tent were observed. The magnitude of changes increased with the 
.~, . . .. ·_, 

percent chlorination. Hypertrophy was associated with orolifera-

tion of the smooth endoplasmic reticulum, formation of membranous 

arrays, and increased lipid droplets. 

The effect of metabolism on toxicity was explored by giving 

rats large (1.5 g/kg) single doses of 2,5,2',5'-tetrachlorobi

phenyl which produced high mortality with i11 two to three days 

(Allen, et al. 1975). Pretreatment with ph~nobarbitol to induce 

metabolic enzymes allowed survival without obvious ill effects fol

lowing a 1.25 g/kg dose, while treatment with ~he microsomal enzyme 

inhibitor SKF 525A le<:td to 100 percent mortali tv in four days. The 

ability to metabolize and eliminate 2,5,2',5~-~CB appears to pro

tect the animaL Die1tary administration of 100 opm 2, 5, 2', 5 '-TCB 

for three weeks produced less liver hypertrophy than Aroclor 1248. 

Liver pathology in mice exposed to 1.5 rng PCB/day was essen-

tially the same as seen in rats, including increased smooth endo-

plasmic reticulum and increased lipid droplets (Nishizumi, 1970). 

~abbits receiving 300 mg orally of Aroclor 1221, 1242, or 1254 

for 14 weeks were examined (Koller and Zinkl, 1973). Aroclor 1221 

and 1242 treated rabbits gained weight at control rates while 1254 

treated rabbits did not gain as much. Livers of 1254 and 1242 

treated animals were enlarged while livers off 1221, treated animals 

were smaller than corttrols. Gross liver lesions and small uteri 

were apparent in th·e 1254 treated animals· but not the others. 

Liver pathology in 1254 treated animals included enlarged hepato

cytes with foamy to granular cytopla.sms and: subcapsular mid zonal 
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necrosis. Aroclor 1242 produced a liver pathology similar~ to 1254. 

Aroclor 1221 treated animals were free of histologic changes. 

Dermal studies with rabbits using Clophen A60, Phenoclor DP6, 

and Aroclor 1260 indicated that the last was the least toxic (Vas 

and Seems, 1971). The former two mixtures had been shown to be con-

taminated with tetra- and pentachlorodibenzofuran (Vas, et al. 

1970). Skin lesions produced included hypeJ:plasia and hyperkerato-

sis of the epidermal ~nd follicular epithelium and were accompanied 

by pathological changes in the liver and kidney. The chlorodiben

zofuran impurities in the PCBs were thought to be responsible for 

the skin lesions. A comparison of the toxic effects of dermally 

applied 2,4,5,2',4',5'-hexachlorobiphenyl and Aroclor 1260 demon

strated that the skin lesions appeared sooner and were mor,e severe 

after treatment with the commercial mixture. Liver changes were 

found in both treatment groups with the pure isomer inducing the 

more severe effects. From this study it was concluded that the 

chlorodibenzofuran contaminants in commercial mixtures probably 

contribute to the skin lesions (chloracne), edema formation, and 

liver damage. PCBs contribute in lesser degrees to chloracne and 
I 

liver damage but are primarily responsible for the hepatic porphy-

ria observed in PCB intoxication (Vos and Notenboom-Ram, 1972). 

Nonhuman primates are rather sensitive to PCBs. Male Rhesus 

monkeys were fed -300 ppm Aroclor 1248 for three months. Effects 

which began to appear within a month included hair loss, suocuta

neous edema, purulent discharge from the eyes, acneform eruptions, 

and liver hypertrophy caused.by smoot~ endoplasmic reticulum pro

liferation. Marked hypertrophy of the gastz:ic mucosa was a signif-
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icant finding not usu~lly seen in rodents. Invasion of the submu-
' 
' 

cosa by the mucosal epithelium with increased cellularity and dys-

plasia occurred in the stomach. The dietary levels used were about 

10-fold greater than the contamination levels in foods during the 

early 1970 • s, and thE~ gastric changes observed were considered to 

be of particular significance to human risk (Allen and Norback, 

1973) • When fed low levels ( 2. 5 and 5 ppm) a:f Aroclor 1248 for 52 

weeks female monkeys developed periorbital ede!ma, alopecia, erythe-

rna and acneform lesions. Effects in males: were less pronounced 

(Barsotti and Allen, 1975). The high sensitivity of monkeys to 

PCBs has been confirmed and the evaluation 1::>f the toxic e~fects, 

particularly in the gastric mucosa, has beEm extended (Mc~ulty, 

1976: Bell, 1976). The pathologic effects of .. PCBs in nonhuman ori

mates have been revie•~o~ed by Allen and coworke1~s (Allen, 1975: Allen 

and Norback, 1976). 

The ability of PCBs to induce liver microsomal enzymes was 

demonstrated by Street, et aL (1969). Enzym•! induction by commer-

cial PCBs has been shown in rabbits (Ville1ieuve, et al. 197la) , 

rats (Litterst and v·anLoon, 1972}, and prima1:.es (Allen, et aL 

1974b). In rats induction is observed following intraperitoneal 

injection (Bickers, l!t al. 1972) or skin application (Bickers, et 
I 

al. 1975). Dietary threshold values for enzyme induction varv be

tween 0. 5 and 25 pJ?T1'1 (Villenueve, et aL 197la: Li tterst, et al. 

1972: Turner and Green, 1974). The inducticm of deJTlethylating 

activity in rats by ~roclor 1254 was maximum in seven days while 

cytochrome P450 and. nitroreductase activities continued to rise 

over four weeks of treatment. Activities 1declined slowly after 
I 
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discontinuation of treatment, reaching control levels in about ten 

days (Litterst and VanLoon, 1974). Cutaneous exposure to PCBs re

sulted in a maximum induction within two to six days (Bickers, et 

al. 1972, 1975). Degree of induction of enzyme activities was 

found to correspond to increasing chlorine content of Aroclors 

(Li tterst, et al. 1972) and of di-, tetra-, and hexachlor·obiphenyl 

mixtures (Schmoldt, et al. 1974). The effects of chlorine content 

and position of pure isomers were examined by Johnstone, et al. 

(1974), Ecobichon (197.5), and Ecobichon and Comeau (1975). More 

highly chlorinated isomers and those substituted at the 4 and 4' 

positions were most active in inducing enzymes associated with the 

endoplasmic reticulum. For less localized enzymes, position was 

less critical, although chlorinated compounds were more effective 

than biphenyl. 

The effects of dietary exposure to Aroclor 1254 on enzyme 

induction were investigated in rats by Bruckner, et al. (1977). 

Aroclor 1254 at 5 or 25 ppm induced dose-deoendent increases in the 

metabolism of pentobarbitol, aminopyrine, and acetanilide after 35, 

70, and 140 days of exposure. Exposure to 1 opm had little effect 

on metabolism. Liver weight and serum triglyceride levels were 

elevated only in animals exposed to 25 porn. In 15-day experiments 

induction of aminopyrine N-demethylation was observed after the 

first day of exposure at 5 and 25 ppm, and acetanilide hydroxyla

tion was induced after two days. Aminopyrine N-demethylation re

turned to normal 15 days after the termination of exposure. r.on

sumption of as little as 1 to 2 mg of PCBs in 24 hours was suffi

cient to stimulate acetanilide hydroxylation. 
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Commercial PCBs have been shown to induce cytochrome P450 

(phenobarbital type) and cytochrome P448 (3-methylcholanthrene 

type) (Alvares, et al. 1973). ~ore recent s;tudies with J?uri.f.ied 

isomers indicated that ortho-para-substituted PCBs induce P450 

while meta-?ara-substituted PCBs induce P448. ~ qubstitution in the 

ortho-position domina~es over meta-, and no isomers were found to 

induce both activities (Goldstein, et al. 1q77). The induction of 

both systems by commeJccial preparations and s:ome pur i € ied isomers 

has recently been shmm to result from con tam :ina tion with d ibf=!nzo

furans. Even "99 pe1~cent pure" isomeric PC13s containing 44 ppm 

tetrachlorodibenzofuran effectively induces P 4~48 while more rigor

ously purified material does not (Goldstein,· et al. 1978). This 

observation serves as a reminder that the effects of trace contami-

nants must be kept in mind when evaluating the toxic effects o€ 

PCBs. 

Enzyme inducing effects of PCBs have also been examined in 

vivo by the observation of shortened phenobarbital sleeping times 

in PCB-trea ted animals (Bickers, et al. 197:2: Johnstone, et al. 

1974: Villeneuve, et all. 1972). Pea induction oi: enzyme activities 

in other tissues has included skin (Bickers, et al. 1975), olacenta 

and fetus (Alvares and Kappas, 1975), neonatal liver during lacta

tion (Alvares and Kappas, 1975), and lung • ar1d kir.lnev ("1.7ainio, 

1974) . 

Other systemic effects of PCBs in mammals include porohyria 

(Bruckner, et al. 1974), increased thyroxin metabolism (Bastomsky, 

1974) and ultrastructural changes in the thyroid (~ollins, et al. 

1977), inhibition of ATPases (LaRocca and : ~arlson, 1975), and 
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interference with oxidative phosphorylation (Sivalingan, et al. 

1973). Alterations in steroid hormone metabolism are pr·oduced by 

PCBs in rats {Bitman and Cecil, 1970), mice {Orberg and Kihlstrom, 

1973), and other animais. Aroclor 1254 appears to reduce liver 

vitamin A concentrations in pregnant rabbits (Villeneuve, et al. 

197lb). A more complete review of these effects can be found in 

Matthews, et al. {1978). 

PCBs have been shown to have immunosuppressive effects in rab

bits {Vas and Beems, 1971; Street and Sharma, 1975), guinea pigs 

{Vas and van Genderen, 1973; Vos and DeRoij, 1972), monkeys, mice 

(Thomas and Hinsdill, 1978), and several birds. Significant ef

fects were observed in Rhesus monkeys exposed to dietary levels of 

Aroclor 1248 as low as 5.0 ppm. 

Effects of Aroclor 1254 and 1260 on reproduction in Sherman 

strain rats were investigated (Linder, et al. 1974). Dietary lev

els of 5 ppm Aroclor 1254 had no effect on reproduction in rats 

exposed through two generations. Liver weights were increased in 

male and female offspring of the F1 and F2 generations. ~t 1 ppm, 

Aroclor 1254 caused increased liver weights in F1 male weanlings. 

With Aroclor 1254 at 20 ppm, the number of pups in the Flb and F2 
generations was reduced, while 100 ppm resulted in increased mor

tality in Flb offspring and decreased the mating performance of Flb 

adults. Aroclor 1260 produced increased liver weights in F1 off

spring at 5 ppm but did not affect reproduction at 100 ppm. At 500 

ppm litter sizes were reduced and survival was decreased in F1 lit

ters. Pregnant rats given 100 mg/kg/day Aroclor 1254 on days 7 to 

15 had grossly normal litters but only 30.1 percent survived to 
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weaning. Dosage rates of 50 mg/kg/day Aroclc1r 1254 or 100 mg/kg/ 

day Aroclor 1260 did not affect reproduction or pup survival. 

Rabbits fed 0.1 or 1.0 mg/kg body weight Aroclors 1221 or 1254 
I 

showed no significant decrease in number of pregnancies or number 

' 

of fetuses per litter (Villeneuve, et al. 197la). No induction of 

fetal liver enzymes c:ould be detected. How.ev~!r, administration 

during gestation of 600 to 2, 500 ppm Aroclor :12.54 in the diet re-

sulted in resorptions, abortions, maternal d~eath, and asymmetric 

skulls in two fetuses (Villeneuve, et al. 197JLb). 

Reproductive effects in mice were invEtstigated in animals 

treated for ten weekn with 0. 025 mg/day ClophEtn A60 (Or berg and 

Kihlstrom, 1973) • The length of the estrus· cycle was increased 

from 6.6 days in controls to 8.7 days in e!xperimental animals. 

Also, the percentage of implanted ova was x::educed from 87.0 to 

79.5. In a second study the reproductive effepts of neonatal exp·o

sure to PCBs in milk were examined by injecting lactating female 

mice with Clophen A601. On the day of parturition and at weekly 

intervals for three WE!eks, the females were injected with 50 mg of 

PCB. When treated male and female offspring were mated with each 

other, the percent imJ?lantation dropped from cii control level of 94 

percent to 75 percent' (Kihlstrom, et al. 1975). 

In female Rhesus monkeys exposure to 25 ppm Aroclor 1248 in 

the diet for two months lead to the typical e:Efects of PCB intoxi

cation for monkeys including edema, alopecia, :and acne. One animal 

ingesting a total of 450 mg PCB died two mionths after exposure 

ended and was found tc::> have hyperplastic gastt i tis and bone marrow 

hypoplasia • The remaining five animals weJre bred three months 
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after treatment. Three were thought to have conceived but resorbed 

or aborted the embryos in the first two months of pregnancy. one 

delivered a fully developed but small infant (Allen, et al. l974b). 

In a more developed study both male and female Rhesus monkeys 

were fed either 2.5 or 5.0 ppm Aroclor 1248 in the diet (Barsotti 
and Allen, 1975; Barsotti, et al. 1976). The total intake in the 
first six months for the females was 180 and 364 mg for the 2.5 and 

5.0 ppm diets, respectively. Untreated females bred to treated 
males had normal rates of conception (Barsotti and Alleri, 1975). 

Treated females bred to normal males produced the following rates 

of conception: control, 12/12; 2.5 ppm, 8/8; 5.0 ppm, 6/8. Live 

births resulting from the conceptions were: control, 12/12; 2.5 

ppm, 5/8; 5.0 ppm, l/6. In the 2.5 ppm group, three fetuses were 

resorbed shortly after conception. In the 5. 0 ppm group, three 
pregnancies aborted at 46, 67, and 107 daye; of gestation, one fet.us 

was resorbed, one was stillborn, and one normal birth occurred. 

The two females who failed to conceive were subsequently bred five 

times without conception. The live born infants were of low birth 
weight and showed signs of PCB intoxication after nursing their 

mothers for less than two months. Three infants died 44 to 112 days 
after birth (Barsotti, et al. 1976). The mothers' breast milk con-

' 

tained 0.154 to 0.397 ppm PCBs and one cc::mtained 16.44 ppm (fat 

basis) (Allen and Barsotti, 1976). It should be noted that the 

dose levels producing these rather striking effects are within the 

range of contamination of the human diet observed until the mid-

1970's. 
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Recently, adipose tissue levels of PCBs in infant Rhesus mon

keys exposed in utero a111d via breast milk have been correlated with 

behavioral effects (Bowman, et al. 1978). · 'ThJree of five infants 

born to mothers exposed to 2. 5 ppm Aroclor 1248 i11 the diet during 

pregnancy and lactation survived over four mont:hsi. PCB levels in 

fat tissue in the infants declined with a first order rate constant 

over a period of 8 to 23 months of age. Extrapolated maximum PCB 

levels were 21, 114, and 123 ~g/g fat. A battery of 11 behavioral 

tests was conducted with the three exposed an:Lma.ls and four con

trols over this time :~:>eriod and a positive c:::orrelation between 

reduced performance and PCB body burden was ·observed for seven 

tests. 

Minks have been :~ound to be exceedingly sensitive to PCB

induced reproductive failure. A marked increase in kid mortality 

was observed in conunerc:::ial mink in the mid-1960' ~; after fish meal· 

derived from spawning Great Lakes Coho salmon wc:Ls incorporated into 

the diet. Laboratory· studies confirmed tha't the reproductive 

losses were related to the ingestion of Great L~kes fish (Aulerich, 

et al. J.971) , and subs~~quent investigation shc::>wed that PCBS con

taminating the fish meal were the probable toxic: agents lRinger, et 

al. 197 2) • When fed ltl ppm each of Aroclors 124:~, 1248, and 1254 

'(30 ppm total), all 11 .adult female mink died prior to the end of 

the normal whelping (detlivery) period (Ringer, 'et al. 1972). Aro

clor 1254 fed at 10 ppm resulted in no offsprin9 among six females. 

At 5 ppm, Aroclor 1254 fed for four months prior to whelping de

pressed reproduction with only 3 of 12 females 1whelping and 3 of 9 

kits born alive. At 1 ppm Aroclor 1254, 8 of 10 females whelped and 
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35 of 43 kits were born alive. Among control animals all 11 whelped 

and 56 of 66 pups were alive at birth. The reproductive toxicity of 

Aroclor 1254 becomes pronounced between 1 and 5 ppm in the diet 

(Ringer, et al. 1972). At 2 ppm in a nine month feeding trial, 

Aroclor 1254 significantly reduced reproduction while Aroclors 

1016, 1221, and 1242 did not (Aulerich and Ringer, 1977). Assuming 

a food intake of 150 gm/day (Schaible, 1970), the total PCB intake 

in the two trials would have been 90 mg a·t 5 ppm for four months or 

61 mg at 2 ppm for nine months (Aulerich and Ringer, 1977). 

Human exposures to PCBs resulting in toxic effects have almost 

all resulted from the ingestion of rice oil contaminated with ~ane

chlor 400 in Japan or from industrial exposure. While absorption 

through the gut was the route of ex~osure in the former case, occu

pational exposures occur largely by :inhalation or absorption 

through the skin. 

Yusho, the disease resulting from the ingestion of contaminat

ed rice oil in Japan, has been the subject of continuing study 

since the episode of exposure in 1968. Periodically, s~ecial re

ports on these continuing studies have been published in P'ukuoka 

Acta Medica. The.se results, largely published in Japanese, have 

been reviewed in English by the Japanese investigators 'both early 

in the study (Kuratsune, et al. 1972: Kuratsune, 1972) and more 

recently (Kuratsune, et al. 1976). ThE~ cause and scope of the 

exposure of the Japanese oublic has been described above (see In

gestion from Food section). The initial symptoms of Yusho included 

increased eye discharge and swelling o1: u~oer eyelids, acneform 

eruptions and follicular accentuation, and pigmentation of the 
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skin. Other symptoms including dermatologic problems, swelling, 

jaundice, numbness of limbs, spasms, hearing and vision problems, 

and gastrointestinal disturbances were prominent among the com

plaints of patients se,en within the first eight months after expo

sure (Kuratsune, et al. 1972). The first patients were seen al-

most immediately after the release of the contaminated oil in Feb

ruary 1968. Of a group of patients seen between October 1968 and 

January 1969, ·55 percent became ill between JunE! and August. It 

was ultimately determined that as many as 63.9 percent of those who 

consumed contaminated oil became ill. Among a group of 146 known 

users of the oil, 80 c:onsumed less than 720 ml, and 88 percent of 

these users were affected. Among those who us~d more than 720 ml, 

100 percent were affected. The clinical seveJrity of symptoms did 

not differ by sex, but the age group 13 to 29 was rnore affectea than 

others (Kuratsune, et al. 1972). 

· The analysis of the oil indicated that it contained between 2 
I 

and 3 mg/kg of Kanechlor 400 (Kuratsune, et al.'l972). It was later 

discovered that Kanechlor 400 contained 18 ppm of polychlorinated 

dibenzofurans (PCOFs) and that the PCOF concentrat~on in "Yusho 

Oil" was about 5 ppm ntagayama, et al. 1975). ~l'he PCOF level in the 

oil was 250 times greater than would be expected based on the level 

in fresh Kanechlor 400, leading Kuratsune, et al. (1976) to suggest 

that the concentration increased with PCB us• as a heat transfer 

medium. 

The amounts of Kanechlor 400 ingested were estimated for the 

original 146 person st:udy group. The average amount ingested was 

estimated to be 2 g wh~le the minimum amount ingested by a patient 
! 

was about 0.5 g (Kuratsune, et al. 1972). 
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Laboratory evaluations of patients during the early period 

were summarized by Kuratsune {1972). ~everal changes in blood were 

noted, including decrease in erythrocyte count, increase in leuko

cyte count, and increase in serum lipids, particularly triglycer-

ides. Blood proteins, electrolytes, and enzyme activities were 

normal in most instances. Some increases in urinary ketosteroid 

excretion were observed. The "cheesy" material. from Yusno acne 

contained more steric and oleic acids than did "normal acne," but 

less myristic palmitic and palmitoleic acid. Linoleic acid was 

present in Yusho acne but not "normal acne." Liver biopsy indi

cated hypertrophy of the smooth endoplasmic reticulum, reduction of 

the rough endoplasmic reticulum, filamentous inclusions, and mito

chondrial abnormalities. Skin changes included hyperkeratosis, 

cystic dilatation of the hair follicles, and marked increase of 

melanine in basal cells of the epidermis. Decreased sensory nerve 

conduction velocities were observed in 9 of 23 patients. Abnormal

ities of the eyes included hypersecretion of the meibomian gland 

and abnormal pigmentation of the conjunctiva. 

Thirteen women, 11 with Yusho and :~ without, but married to 

men with Yusho, delivered 10 live and 2 stillborn infants between 

February 15 and December 31, 1968. Nine of the 10 had grayish-dark 

stained skin, and 5 had similar pigmentation of the gingiva and 

nails. Eye discharge was common. A s1:illborn fetus had marked 

hyperkeratosis, atrophy of the epidermis, and cystic dilatation of 

the hair follicle. Increased melanin pigment in the blood cells 

and the epidermis was also noted. Twelve of the 13 fetuses were 

small for date of birth. The growth of children affected by Yusho 
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was significantly lower· than Japanese national standards. A de-

tailed clinical study Ct·f four Yusho babies sh4::>wed. that they were 

small for their age, had dark pigmentation on skin and mucous mem-

branes, and gingival hyperplasia. Teeth werE~ E~rupted at birth; 

spotted cal6ification of the parieto-occipital skull, wide fonta

nels, and saggital suture were present, ~long with facial edema and 

exophthalmic eyes (Yamashita, 1977). 

By three years after the episode about half the patients were 

improving while 40 percent were essentially unchanged and 10 per-
i 

cent were becoming more severely affected. Ev;en among those said 

to be improving, many still complained of persistant headaches, 

general fatigue, weakness and numbness of limbs, weight loss, and 

other problems (Kuratsune, et al. 1972). 

An evaluation of the longer term effect!; c,f Yusho has been 

summarized by Kuratsune~, et al. ( 1976) • In 1972 Masuda noted a 

peculiar gas chromatogJ:aphic pattern of PCB ·fractions which was 

common to blood, tissues and breast milk of Yusho patients (Koda 

· and Masuda,. 1975). A pattern seen in about 60 percent of Yusho 

patients contained a larger amount of a late eluting peak than PCB-

containing tissues resulting from other types of exposures. This 

pattern was referred to as type A. A similar pcittern seen in about 

37 percent of Yusho patients was referred to a!S type B. These two 

patterns (types A and En have never been observ4!d in individuals 

(human or animal) exposE!d to PCBs in other situat:ions. These types 

appear unique to Yusho. Tissue levels of PCBs in patients undergo

ing surgery or who died and were autopsied wer4! f:ollowed over sev-

eral years. Adipose th;sue levels were high (13 1:0 76 ppm) shortly 
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after the end of exposure but were substantially lower by the next 

year. By 1970 and beyond, tissue levels were within the normal 

range in the cases studied. Blood levels were not determined until 

1972 by which time they were in the normal range. Patients whose 

plasma PCB pattern was type A had higher levels than those with 

type B. 

The discovery of substantial levels of PCDF in Yusho oil has 

been discussed. Levels of PCDFs in control individuals and Yusho 

patients were determined. No detectable (0.1 ppb) PCDFs.were found 

in controls while tissues of patients who died in 1969 and 1972 

contained 0.009 and 0.013 ppm in adipose and liver respectively. 

Ratios of PCB/PCDF were 144 and 4 for cldipose tissue and liver, 

respectively. PCDF levels were higher in liver than adipose on a 

fat basis. Although the sample was small, the levels in whole adi

pose tissue appeared to have dropped to about one-third of the 1~69 

level by 1972. 

By 1972, the dermal and mucosal signs which were most marked 

in the initial stages of toxici ·ty were gl=adually improving. Symp

toms considered to be due to internal disturbances, such as fa

tigue, poor appetite, abdominal pain, headache, pain arid numbness 

in the limbs, and cough and expectoration of sputum, have become 

more prominent. Between March 1973 and April 1974, 7,9 patients 

were examined and blood PCBs evaluated (Koda and Masuda,. 1975). Of 

patients with type A or B plasma PCB chromatographic patterns, a 

majority exhibited some or all of the typical spectrum of dermato

logical symptoms, with frequencies in type A patients being higher 

than in type B patients. Because PCB levels in type A patients were 
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higher tha~ in type B, the severity of symptomsiwas correlated with 

blood PCB levels. 

Serum triglyceride levels in males did not decline signifi-

cantly between 1969 and 1974 (Okumura, et al. l974} • Levels in 

female patients declin~d but were still above ~ormal. The eleva

tion of triglycerides correlated with increased blood PCB levels 

and the type A pattern. 

Serum bilirubin in patients was lower in 121 patients than in 

257 controls, indicatin9 an accelerated rate of :di:sposal (Hirayama, 

et al. 1974). 

Long-term effects continued to be observed:in children born to 

Yusho mothers. Nine in1:ants with dark brown skin l?igmentation were 

born to Yusho mothers between 1969 and 1972, :th1:ee of them to a 

patient between 1969 ar.Ld 1971 (Yoshimura, 1974). The plasma PCB 

levels of 30 children t~rn to 18 Yusho mothers were significantly 

above control levels but lower than maternal l~vels (Abe, et al. 

1975). Children nursed by their mothers had. ,higher levels than 

children who were not b~east fed. One case was reported by Yoshi

mura (1974} · in which a1 baby was thought to h,avt! acquired Yusho 

solely as a result of b~east milk intake. 

Masuda, et al. (19'74) found PCB levels in 6reast milk of five 

Yusho women between 0.03 and 0.06 ppm, which was just within the 

normal range. A recent study of PCB levels in the breast milk in 

400 Japanese -women detected average levels of.: 0. 033, 0. 026, and 

0. 029 ppm in three measurements made at two mon1:h intervals (Yaku-

shiji, et al. 1977). Based on these levels, they calculated that 

daily intake by a nursi:l'lg infant would be 24 ll9/day. This can be 
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compared to an average dietary intake by Japanese adultc; of 21 

~g/day or 9 ~g/day by u.s. adults. By April 30, 1975, 29 of 1,291 

Yusho patients had died. Among 22 who died before September, 1973, 

nine deaths resulted from malignant neoplasms {Urabe, 1974}. 

The occurrence of Yusho symptoms af·ter modest PCB intake cou

pled with the similarity,of many of the symptoms to those seen in 

animals, particularly primates, suggests that the toxic effects 

observed in animals must be considered potentially accurate models 

for humans. The persistence of symptoms in Yusho patients is a 

particular source of concern. The major uncertainty regarding tox

icity in Yusho patients rests with the unknown effects of -the PCDFs 

present in unusually high concentrations in Yusho oilso 

Early reports of toxic effects of occupational PCB exposure 

are not easily interpreted because a mixture of compounds including 

chloronaphthalenes was present. A fatal case resulted from expo

sure to a mixture of 90 percent chloronaphthalenes and· 10 percent 

PCBs {Drinker, et al. 1937). The subjec1: developed chloracne, fol

lowed by jaundice and abdominal pain, and was found to have cirrho

sis of the liver at autopsy. 

Many studies of occupational exposure have shown ~arying de

grees of toxicity under different conditions. The fol~owing dis

cussion will highlight studies which indicate the types of toxic 

reactions commonly observed in occupational exposures and the lev

els of sensitivity in different situations. A detailed review of 

occupational exposure to PCBs has recently been prepared (NIOSH, 

1977). 
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Ell< ins (1959) found that average PCB cc::mcentrations in the 

workroom air of several plants in Massachusetts ranged from 0.1 to 

5. 8 mg;m3 while peak concentrations , were' b1etween 0. 2 and 10.5 

mg;m3 . Immediate toxi(:: effects were not seen: however, e,xposure to 

10 mg;m3 was said to be unbearably irritating. Three cases of 

severe chloracne were reported in a work environment in which PCB 
. 3 

air levels were found to be between 5.2 and 6.H mg/m • The workers 

developing chloracne had been exposed for 2 t:o 4 years. . .. Alter a-

tions in liver functio~ or other abnormalities were not found (Puc-

cinelli, 1954). 

An analysis of the health effects of PCBs: on eight laboratory 

workers involved in testing dielectric fluids ~as made by Levy, et 

al. ( 1977) • The workers, all males 25 to 49 y~!ars of age, had been 

employed 2.5 to 18 yeaLrs. Breathing zone, point: source, and gen-

eral work area samplEts were collected on thre(a occasions. Tne 
. 3 

ranges observed were: breathing zone, 0.014 to 0.073 mg/m : point 

source (near an oven), 0.042 to 0.264 mg;m3 ~ ~nd room area, 0.013 

to 0.15 mg;m3 • Blood l:1CB concentrations were 3~ t.o 286 ppb which is 

substantially above the range in several studies of general popula-

tions (Finklea, et a:L. 1972). workers comJ?ladned of dry sore 

throat (6/8), skin rash (3/8), gastrointestina; disturbances (3/8), 

and eye irritation and headache (2/8). Examinat:ion disclosed one 

patient with skin ra:sh, two with nasal irritation, one showing 

rales, and four with high blood pressure, but· n() abnormalities in 

liver function. 

Toxic effects f1~om a low-level exposu1~e were reported by 

Meigs, et al. (1954). A leaking heat exchangeJ~ in a chemical plant 
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discharged PCB vapors. No employees worked routinely at ,the point 

·of leakage, but breathing·· zone levels in work area.s were: found to 

be 0.1 mg/m3 • The period of exposure was 19 months. Seven of 14 

exposed workers developed mild to moderate chloracne after exposure 

durations of 5 to 14 months. Liver func·tion tests showed normal 

serum bilirubins, 24- and 48-hour cephalin flocculations, thymol 

turbidities, and serum alkaline phosphatase activities in six of 

the seven workers, but· borderline increases in cephalin 'floccula

tion and thymol turbidity in the seventh. After 13 months, the 

thymol turbidity but not the cephalin flocculation had improved. 

A study of PCB exposure in six Japanese industrial plants has 

been reported (Hasegawa, et al. 19721 Hara, et ai. 1974, 1975). 

Although the original publications are in Japanese, a detailed 

description in English is available (NIOSH, 1977). PCBs were manu

factured in one plant, used in manufacturing capacitors in four 

plants, and had been used in a fifth plant until one month before 

the study began. The sixth plant used biphenyls, not PCBs. PCB 
' 

concentrations in air as both vapor and particul~tes were deter-

mined. The lowest levels in one plant were 13 to 15 ~g;m3 vapor and 

4 ~g;m3 particulate while the highest levels in a single plant were 

95 to 965 ~g;m3 vapor, 73 to 650 ~g/m3 particulate. Except in the 

instance of a spill, vapor concentrations always exceeded particu

late concentrations. Blood PCB levels in 99 workers wer~ found to 

-
average 370 ppb as compared to values in 20 controls averaging 20 

ppb. A correlation between duration of exposure and blood level 
. 

could not be found in data from three of the plants. Dermal effects 

found were chromodermatosis of the dorsal joints of the hands and 
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fingers and of the nail bed, and acneform ex:!nthema. nermal ef

fects seemed unrelated to blood levels, sugg~sting that they re

sulted directly fr.om .s.kin contact •. Changes ir J:at metabolism and 

mild disturbances in liver function were found. The consequences 

of termination of PCB ex·posure were examined by following 38 cur-

rent and 80 former workers from 1972 to 1975 who were from the plant 

which had discontinued PCB use. During the oeriod of PCB exposure, 
' 17 capacitor immersion process workers had bloc>d levels of 7 to 300 

ppb, which were closely related to years of !ex-posure. One year 

after cessation of exposure, blood PCB levels decreased but not 

uniformly. The average decrease was about 75 percent of the oriqi-

nal value. The blood half-lives of PCBs were determined and found 

to be related to the number of years of exposure.. Por one year of 

exposure, T~ = 3 months, while for 10 to 15 years exposure, T~ = 30 

months. The investigators concluded that blood served only as A 

PCB carrier while fat served as the de~ot tissue.. Many of the em-

?loyees complained of blackheads, acne, and skin irritation while 

working with PCBs7 however, these conditions cl~ared markedly after 

exposure ceased. Serum triglyceride levels in workers were ele-

vated in correlation with blood PCB levels. 

A study in AustraLia by Ouw, et al. ( 1976 >: examined two grouos 

. of workers with different levels of ex;:>osure in a caoaci tor manu-

facturing facility. One group (inside) worked in an impregnation 

process where exposure to heated (70°C) Aroclor 1242 occurred. The 

second group (outside) assembled cool Aroclor-,(Hpped components in 

a location separate frtom the first group. The entire group had an 

average blood PCB level near 400 ;:>pb. The distribution of indivi-
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dual Aroclor components differed between the groups with the out

side workers being low in early eluting (on gas chromatography) 

fractions but elevated in late elutinq fractions relative to the 

inside group. Abnormalities in liver function were not observed 

but skin irritation and eczematous rashes were observed. One work-

er had chloracne but no systemic effects. The severity of dermal 

effects was not clearly correlated to blood PCB level. Breathing 

zone air concentrations in the impregnation room varied from 2.22 

to 0.32 mg/m3 • To bring conditions within government guidelines, 

im~roved exhaust ventilation was installed and workers were encour

aged to wear impervious gloves to reduce skin absorPtion. These 
. 3 

actions reduced atmos~heric PCB levels to 0.75 to 0.08 mg/m . 

After two months, new blood samples were taken which indicated t~at 

a slight increase in blood levels had occurred. ~ailure to wear 

gloves was the reason cited for the failure to improve blood 

levels. 

A recent study of liver function in Aroclor 1016-exoosed work-

ers illuminates the sensitivity of the liver to ex?osure. (Alvares, 

et al. 1977). Antipyrene clearance was ~etermined in five workers 

who had been occupationally exposed to PCBs for at least four years 

and Aroclor 1016 for at least two years. Mone of the workers showed 

any manifestations of PCB toxicity. When compared to five controls 

matched for sex, age, and smoking and drinking habits, the anti-

pyrene half-life was about two-thirds of the control level (10.8 ~ 

0.7 exPerimental vs. 15.6 ± 1.0 control). The increased rate of 

antipyrene clearance was taken to be an indication.of hiqher levels 

of metabolic enzymes in the livers of the exposed workers. 

C-58 

.. 



Data from this limited review of occripational studies indicate 
that symptoms much lif(e those seen after PCB ingestion can occur 
after atmospheric or dermal exposure. Air PCB concentrations as 
low as 0.1 mg/m3 can produce toxic effects (Me!igs, 1954) and expo-
sure to levels producing no overt toxicity can affect liver func
tion (Alvares, et al. 1977). Recovery after termination of expo
sure occurs but is slow and depends upon the a~ount of PCBs stored 
in adipose tissue (NIOSH, 1977). 

Synergism and/or Antagonism 

It appears that the synergistic antagonistic effects of PCBs 
! 

result from their abi+i ty to induce mixed fiJnction oxidases in 
! liver and other tissue!s, although the effects of the accelerated 

metabolism of drugs, such as phenobarbi tol 01~ hormones, such as 
ketosteroids and thyro:~ein, have been discussed! above. The conse
quences of the PCB induced metabolism of carcinoc,3enic agents sucn 
as benzene hexachloride or aflatoxin will be di~cussed below in the 
section on carcinogenicity. 

Teratogenicity 

The reproductive e,ffects of PCBs in animals and man have been 
discussed above. It is clear that PCBs readily'cross the placental 
barrier and accumulate in fetal tissues. PrimatE~ infants exposed 
to PCBs in utero are typically retarded in growth during gestation 
(Barsotti and Allen, 1975), and reproductive failures (abortions, 
stillbirths) -are common (Linder, et al. 1974). Live born animal 
and human infants often display symptoms of toxicity common for the 
species (Kuratsune, et al. 1976; Linder, et al. 197 4) • However, 
indications of structu:cal malformations or genetic changes have 
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been rare. Villeneuve, et al. (197lb) noted asymetric skull for
mation in two rabbit fetuses exposed to high levels of Aroclor 1254 
in utero. A written communication by F.L. Earle (as cited in 
NIOSH, 1977) reported unspecified terata in canine pups born to 
females exposed to 48 or 200 ppm but not 20 ppm dietary equivalent, 
and in piglets from sows fed the equivalent of 50 ppm. No·. addition-
al information was given. 

Mutagenicity 

The mutagenicity of different PCB preparations has been evalu
ated in several test systems. The single isomer 4-chlorobiphenyl 
was found to be highly mutagenic in Salmonella tyPhimurium strain 
TA1538 after liver microsomal enzyme activation (Wyndham, et al. 
1976). The products formed under these activation conditions were 
4-chloro-4 1 -biphenylol and 4 1 -chloro-3, 4-biphenyldiol, which, as 
previously discussed, are indicative of arene oxide formati0n 
(Safe, et al. 1975). In the same study, Aroclor 1221 was less muta-
genic while Aroclor 1254, 1268 and 2, 5, 2 o, 5 1 -tetrachlorobiphenyl 
were essentially inactive. Mutagenic activity decreased ~ith in
creasing chlorination. 

Recent attempts to repeat the experiment with different cul
tures of the same tester strain have not detected any mutagenic 
activity (S. Safe, personal communication). 

Also, 4-chlorobiphenyl was toxic but not mutagenic to S. -
typhimurium TA1538 with or without activation by Aroclor 1254 (S. 
Rinkus, personal communication). 4-Chlorobiphenyl has been shown 
to induce unscheduled DNA synthesis, an indication of DNA repair, 
in Chinese hamster ovary cells (S. Safe, personal communication). 
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The Japanese Ministry of Health and Welfare-supported mutage

nicity screening program investigated Kanechlo~s 300 and 500 (Oda-
1 

shima, 1976). Both compounds were negativ~ in the Salmonella sys-

tem but Kanechlor 300 was listed as positive, in a bacterial DNA 

repair assay and a cytc):genetic analysis with YQishida sarcoma cells. 

Kanechlor 500 was positive in a mouse bone mar~ow cell cytogenetic 

analysis. 

Heddle and Bruce (1977) reported Aroclor 1254 as negative in 

s. typhimur ium, the micronucleus test, and ~a sperm morphology 

assay. Aroclor 1254 administered to rats at 50, mg/kg/day for seven 

days produced no chromtJsomal abnormalities in ·sperm (Dikshi th, et 

al. 1975). 

The effects of Aroblor 1254 and 1242 on bone marrow cells were 

evaluated in Osborne-Mendel rats (Green, et al.: 1975a). Animals in 

groups of eight were given single doses of Arciclor 1242 at 1, 250·, 
' 2, 000, or 5, 000 mg/kg or multiple doses of 500. mg/kg/day for four 

days. Aroclor 1254 w;:~.s given for five days .at 75, 150, or 300 

mg/kg/day. Aroclor 1242 was more toxic than 12!54. Mitotic indices 

were not reduced by Aroclor 1242 treatment and no increase in chro

mosomal abnormalities \lias observed. Aroclor 12541 reduced the mi

totic index of bone marrow cells at 150 and 300 mg/kg/day but not at 

the low dose. Again, n,o increase in chromosomatl abnormalities was 

seen. Cytogenetic abnormalities wer~ found in spermatogonial cells 

of animals treated at 5,000 mg/kg or 500 mg/kg/day Aroclor 1242 but 

not in statistically significant numbers. 

A dominant lethal, test with Aroclor 12421 and 1254 was also 

performed in Osborne-Mendel rats {Green, et al. 1975b). Aroclor 
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1242 was given in single doses of 625, 1,250, or 2,500 mg/kg or five 

doses of 125 or 250 mg/kg/day. Aroclor 1254 was given in five doses 

of 75, 150, or 300 mg/kg/day. Treated males were bred to untreated 

females for the following 10 to 11 weeks. No significant· effect of 

treatment was observed on embryo implantation or lethality with any 

treatment. 

In summary, the only marked genetic effect observed at any 

level was with the single isomer 4-chlorobiphenyl. Kanechlor 300 

and 500 produced cytogenetic effects in different systems but Aro

clor 1242 and 1254 did not. Despite the apparent weak mutagenicity 

of most PCBs in the systems used, the fact that most animals can 

metabolize many PCB isomers through an arene oxide intermediate 

indicates that the mutagenic potential of PCBs should not be casu-

ally dismissed. 

carcinogenicity 

The carcinogenic effects of PCBs have been evaluat~d in sev-

eral animal studies. The first evidence of carcinogenic potential 

in PCBs was reported by Nagasaki, et al. (1972) and in more detail 

by Ito, et al. (1973). Male dd mice were given Kanachlors 500, 400, 

and 300 mixed in standard diets at 500, 250, and 100 ppm for 32 

weeks. Of 12 mice surviving in the group fed 500 ppm Kanachlor 500, 

seven (58.3 percent) had grossly observable nodular hyperplasia, 

with microscopically observable hepatomas in five (41.7 percent) . 

Tumors were not observed in the groups treated with lower doses of 

Kanechlor 500, in any dose of the other Kanechlors, or .in the six 

control animals. Kimbrough and Linder (1974) treated Bald/cJ mice 

with Arochlor 1254. Mice were exposed to 300 ppm in the diet for 
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six or 11 months. The 11nice exposed for six months were fed control 

diets for the remaining five months, and aLL the animals were 

killed and examined at the same time. All the animals surviving 11 

months' exposure had enlarged livers and adenofibrosis, while 9/22 

(41 percent) were observed to have hepatomas. Of the 24 mice sur-

viving six months' expolsure, most showed some changes in liver cell 

morphology, and a diff:use interstitial fibrosis was observed in 

about two-thirds of them. One hepatoma (0. 3 : em diam.) was ob-

served. The details c>f the mouse experiments are summarized in 

Table 10. Kimbrough and Linder (1974) reported subcutaneous abcess 

formation in some mice and one sweat gland adenoma. Neither Ito, 

et al. (1973) nor Nagask.i, et al. (1972) commented on any pathology 

other than in the liver. 

studies with rat~; have been reported by Kimura and Baba 

(1973), Kimbrough, et al. (1972, 1975), and Ito, et al. (1974) ... 

Kimura and Baba (1973) examined the effects of Kanechlor 400 on the 

livers of Donryu strain.rats. Ten male and ten female animals were 

exposed, in a complex ~·rotocol, to amounts of :r<:anechlor 400 start

ing at 38. 7. ppm in food and increasing to 616 ppm as the animals 

increased in weight. Total amounts ingested. varied from 450 C.o 

1,500 mg over exposure periods of 159 to 560 da~rs. Five control 

animals of each sex were used. Fatty degeneration was observed in 

the livers of all exper.imental animals and two females in the con

trol group. - Adenomatous nodules were observed in all of the fe

males which had a cumulative intake of more than 1,200 mg Kanechlor 

400. Nodules were seen in none of the males. A number of histo

pathological findings were noted in spleen, l~ng, adrenal cortex, 

and brain, but no neoplastic changes outside ;th~~ liver were men

tioned. 
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TAI\I.I'! 10 

Evl~ence for Carcinogenic P.ffectn of PCDs in Mice 

Liver Nodules 
Mouse No. No. PCB llietacy Avecaqe Exposure Adena- Neoplastic llepatocel1u1ar Sex d Sue- I.evel Daily llose Tilae llepato111a Strain Treate viving Source 

PPIIl aq/kg/day (nays) fibrosis Nodules Carcinoma 

<ld H 12 12 Kanech1or 500 500 82.5a 224 - 7/12 5/12 
( Jto, et 

4l.3a al. 1973; 12 12 .. 250 - 0/12 0/12 
Nagasaki, 

16.5a (:t al. 1972) 12 12 • 100 - 0/12 0/12 

Kanech1or 400 500 82.5 0/12 0/12 

• 250 4l.3 0/12 0/12 
0 
I • 100 16.5 0/12 0/12 
~ 
ollo 

Kanech1or 300 500 82.5 0/12 0/12 

250 41.3 0/12 0/12 

6 6 Control 100 16.5 0/6 0/6 

no.~tb/cJ M 50 22 Aroclor 1254 300 49.8 330 22/22 - 9/22 
(Kimbrough 

49.8b 180c and Linder, 50 24 • 300 0/24 - 1/24 
1974) 

100 58 • - - - 0/58 - 0/58 

aCalcutated using food consumption data from ~imbrough and Linder (1974) for Balb/cJ mice which indicates an average of 
165 q/kgfday 

bNot calculated directly,. but assumed to be si11Uar to qroup exposed 330 days 

c~aintained on control diet for remaining 150 days of experiment 

,, 
-· " 



Ito, et al. {·1974) examined the effects of Kanechlors 500, 

400, and 300 on male Wi~tar rats. An~mals were' exposed to dietary 

levels of 1,000, 500, and lOp ppm of ~each preparat:ion for 27 to 52 

weeks, then killed and examined for pathological changes. No hepa-

tocellular carcinoma w~s observed, but cholangiofibrosis (adeno-

fibrosis) was seen at the highest dose of all three agents (Table 
' 

11) • Nodular hyperplasia was observed in animals treated with all 

three agents. The highest incidence was obseived with Kanechlor 

500. Significant changes were not observed in organs other than 

the liver. 

Kimbrough, et al. (1975) exposed Sherman strain rats to Aro

clor 1260 at dietary levels of 100 ppm for 21 n~onths. Hepatocel

lular carcinomas were observed in 26/184 experimental animals but 

in only one of the cont1~ols ( 1/173) • Tumors weJre observed in sev-

era! other tissues of both experimental and con1:rol groups, but .. 

they were of low incidEmce and frequencies weJre similar in both 

groups. In an earlier ~tudy, Kimbrough, et al. (1972) fed Aroclor 

1254 and 1260 to male and female rats for eight~ months. Adenofi

brosis was observed in animals fed 100 and 500 ppm Aroclor 1254, 

with the highest incidence in females. Aroclor 1260 was associated 

with a much lower incidence of adenofibrosis even in animals fed 

1,000 ppm. A single bladder tumor was observed ~n a treated animal 

but was probably not the result of PCB exposure: (Kimbrough, et al. 

1975). The details of the experiments with rat:s are summarized in 

Table 11. 

A report dated November, 1971 described a study made by Indus-
, 

trial Bio-test Labor a tot· ies Inc. A brief summary c>f the report was 
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Strain Sex 

J,'isher H 
344 rat 
(NCI I 1978) 

----~·----

•• 

, 

'l'ADLE 11 (cont.) 

No. 
Treated 

~~o. PCB --~ Dietary A~erage 
~ur- Source Level Dally Dose 

v1ving PP• mg/kg/day 

Exposure 
Time 

(Days) 
Nodular 

llyperplasia 

.. 
' 

Proliferative Changes ------
Hepatocellular combined· 

Carcina.a Hematopoietic 
and Adenoma and Liver 

-------- -------------------------------------~--------
25 24 

24 

24 

24 

25 23 

24 

22 

"-24 

Aroclor 1254 0 0 -
25 J.3Ue 735 

50 2.75e 735 

100 5.5e 135 

0 0 -
25 1.38e 735 

50 2.75e 735 

100 -··- 5.5e_ ~~ ~- 735 · · 

0/24 0/24 5/24 

5/24 0/24 2/24 

8/24 1/24 9/24 

12/24 3/24 12/24 

-----·-·--
0/23 0/23 4/23 

6/24 l/249 , U/24 

9/22 l/22 U/:l2 

~· '11{24 '2/24 ----· 9/2;a·· 
·-·---·--------------------- ---------------·---- ----·--



(') 
I 
3\ 
Q) 

' 

Strain Sex No. 
•rreated 

No. PCD Sur- Source 
vivlng 

-··--------- . -·-----~ -------
Sher11an F 200 184 Aroclor 1260 
(KiUlbrough, 
et al. F 200 174 None 
1975) 

---·-----
:>herman M 10 10 Aroclor 1260 
{Kimbrough, 
et al. F 10 10 • 
1972) 

10 8 • 

10 2 • 

M 10 10 Aroclor 1254 

10 10 • 

1-' 10 10 • 

ltl 9 • 
-----" 
al"CIO'Je l!l9-530 

branye 244-560 

crange of cum~lative intake 4~0-1800 ag 

drangc of cu111ulative intake 700-1500 ag 

'!'ABLE 11 (coot.) 

Dietary 
Level 

l'PN 

Average 
Daily Dose 
IIICJ/kg/day 

100 4.9f 

1,000 71.4 

100 7.2 

500 38.2 

1,000 72.4 

100 6.8 

500 36.4 

100 7.5 

500 37.6 

Exposure 
Tiae 

(Days) 

_________ ___l!iver Nodules_--· ___ _ 

Adcno- Neoplastic Hepatocellular 
fibrosis Nodules CarcinOMa 

el.)ata not provided. Calculated froa Kiabrough, et al. 1975, ira which Sheraan cats showed si111ilar weight gain over the sa111e 

experimental period. 
i'.l'i1ue weighled -average calculated- fr011 Figure 2 in Kimbrougli; et al. l!J75 

gHt:ported as undifferentiated carcinoiDa of the liver, aetastatic 

*290 anianals total in 10 groups 

:0 

0: 

" 
.. 



presented at the Natic,~al Conference on Polychlc)r ina ted Biphenyls 

(1976), and a more detailed analysis was presented by the u.s. EPA 

{ l976a) • One thousand Charles River. rats we!re divided into ten 

treatment groups. Fif1:y male and 50 female rat.s :served as a common 

control group. Each of nine treated groups contained 50 animals of 

each sex. Groups were fed 1, 10 and 100 ppm of Arc:>clors 1242 '· 1254, 
: 

and 1260, respectively. Treatment was initiated with 4- to 6-week-

old animals and continued for a total of 24 mont:hs. Five animals of 

each sex were sacr ificE~d at 3, 6, and 12 months, leaving 35 animals 

in each group at the beginning of the second year. In addition, 

mortality was high, lec!I.Ving only 6 to 21 animals remaining in each 

treatment/sex subgroup by the end of the expe.r intent. As seen in 

the previously described studies, the principal effects were ob

served in the liver. Vacuolar changes and h~perplasia were the 

major abnormalities originally noted in the treated animals. ~~ 

addition, chromophobe adenomas of the pituitary were found in eight 

of nine treated groups but not in the controls. In 1975 the origi

nal liver slides were re-evaluated with rather different results. 

The combined results fc>r animals treated with JLOO ppm of all three 
i 

Aroclors included ll hE!patomas, 5 cholangiohepatomas; and 28 nodu-

lar hyperplasias. Hepattocellular carcinomas WE!re not observed. 

Recently, a bioast;ay for the possible carcinogenesis of Aro

clor 1254 has been c(:>nducted by the Nationctl Cancer Institute 

(1978). In ~his study, 24 Fischer 344 rats of each sex were orally 

administered Aroclor 1254 at 25, 50, or 100 pptn for 104 to 105 

weeks. Matched controls consisted of 24 untreated rats of each 

sex. Mortality among the treated males was s:ignificantly higher 
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than among the controls and related to dose (P 0.001} but was not 

different among the females (P 0.05). Interstitial-cell tumors of 

the testes in males and leukemias of either granulocytic or lympho

cytic type were observed frequently in both control and treated 

animals. Tumors were observed in several other tissues but their 

presence did not correlate with treatment. Proliferative lesions 
' 

of the liver were common in treated animals but were not found in 

controls. The types and frequencies of lesions are detailed in 

Table 11. They included nodular hyperplasia in all treated groups 

increasing in frequency with dose, adenomas (one male, three fe-

males) and hepatocellular carcinoma (three males, no females}. In 

addition, adenocarcinomas of the stomach, jejunum or cecum of two 

treated males and two treated females but no controls were ob-

served. Statistical analysis of the frequencies of tumors and pro

liferative lesions indicated that the combined incidences of leuke-

mia and lymphoma in treated males were significant by one test 

(Cochran-Armitage test for ~ositive dose-related trend) ,but not by 

a more stringent test (Fisher exact test). The tumors of the liver 

and gastrointestinal tract were not statistically significant~ how

ever, the occurrence of nodular hyperplasia appeared to be related 

to treatment. The study concluded that A~oclor 1254 was not carci

nogenic in Fischer 344 rats. However, the high frequency of hepa

tocellular proliferative lesions was considered to be a result of 
-

treatment, and the carcinomas of the gastrointestinal tract also 

were considered possibly associated with the treatment. 

The tumors observed in rodent experiments with PCBs were pre

dominantly adenofibrosis (cholangiofibrosis), neoplastic nodules, 
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and hepatocellular carcinomas. Stewart and SnE!ll (1957) concluded 

that adenofibrosis cannot be considered to be ~ pre-malignant le

sion, while Reuber (196·8) proposed that cholan~riofibrosis might be 

a precursor to cholangiocarcinoma. Neoplastic: nodules have been 

observed before the appearance of carcinomas in several studies 

with known carcinogens (Kimbrough, et al. 1975). Well-differenti-

ated mouse hepatomas hi!Ve been shown to be pot.en·tially malignant, 

with a proportion bein·g transplantable and capable of metastasis 

(Andcrvant and Dunn, 1952). 

Several conclusion.s can be drawn from the rusults of the ro-

dent studies. A corrEelation between degree c)f chlorination and 

tumor inducing potenticll was observed· in mice.: Cito, et al. 1973) 

and rats (Ito, et al. l~n4) with the most highl~· chlorinated prepa-• . 
rations being most potunt. However, Aroclor 12541 was more potent 

than Aroclor 1260 in rats. Where examined, femal•! rats were foun~. 

to be more sensitive than males (Kimura and Baba, 1973; Kimbrough, 

et al. 1972). No comparisons of sex-related e:Efects were made in 

mice. 

It should be noted that none of these studies was a lifetime 

study. In all cases, animals were treated for fixed times then 

killed and examined. No lifetime studies with PC!Bs were found in 

this survey. Such studies, if available, might indicate more 

clearly the significance of the potentially prenE!oplastic lesions 

induced by PCBs in the studies described here. 

Data on the possible carcinogenicity of .PCE~s in humans are 

sketchy at this time. The largest group of l!Xposed individuals 

followed longitudinally are the "Yusho" patients. By late 1973, 
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two of· 1,291 patients had died, nine of them with malignant neo

plasms (two stomach cancer, one stomach and liver cancer, one liver 

cancer with cirrhosis, one lung cancer, c::me lung tumor, one breast 

cancer, and one malignant lymphoma) (Urabe, 1974; Kuratsune, et al. 

1976). The authors did not have sufficient information to make a 

detailed· epidemi.ological analysis but concluded that 9/22 deaths 

from cancer may represent an excess of deaths. 

Two cases of malignant melanoma were reported in a group of 31 

industrial workers exposed "heavily" to Aroclor 1254 in the process 

of its manufacture. Based on a person-year analysis and the use of 

the Third National Cancer Survey incidence rates (NCI, 1978), 0.04 

malignant melanomas would have been expected making these data sig

nificant at the 0. OOJ. level. In .addition, one of 41 workers ex

posed to lower levels of Aroclor 1254 developed a malignant mela

noma (Bahn, et al. 1976). 

Although these studies involve small numbers of individuals 

and provide little information about exposure or other relevant 

factors, they do suggest that human exposure to PCBs may be associ

ated with increased risk of neoplasia. 

In addition to the carcinogenic effects observed with PCBs, 

they have been shown to have a sig~ificant effect on the carcino

genic properties of other substances found in the environment. The 

co-carcinogenic properties of the PCBS result from their ability to 

induce the-mixed function oxidases, particularly in liver, as dis

cussed in the Acute, Subacute, and Chronic Toxicity section. Ito, 

et al. ( 1973) observed that dietary levels of 250 ppm Kanechlor 

500 markedly promoted hepatocellular carcinoma and nodular hyper-
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plasia in mice exQosed to benzene hexachloride at levels of 100 or 

250 ppm in the diet. Kanechlor 400 at 10 or~lOO ppm in the diet 

failed to promote cervical carcinoma or progression toward it in 

mice exposed to 20-me!thylcholanthrene saturaited thread imolanted 

in the cervix and uterus (Uchiyama, et al. 1974). Ito, et al. 

( 1978) observed a pronounced increase in the ,incidence of preneo

plastic, hyperplastic nodules in N-2-fluorenylacetamide treated 

rats. The animal,s were fed 1,000 pt;>m PCR (tY'I:'e not specifi..ed) for 

e .t weeks following two weeks exposure to the carcinogen. This 

increase in oreneoplastic lesions over a short period was taken to 

be a significant indicator of carcinogenic activity. The abili~y 

of Aroclor 1254 to initiate (as oooosed to pr,omote) tumors in the 

two-stage mouse skin system was recently examined by Di~iovanni, et 

al. (1977). Aroclor 1254 proved to be a weak inttiator of papillo

mas when a 100 ug treatment of skin was followed by 32 weeks 9t 
I treatment with the t;>romotor 12-0-tetradecanoyl~ohorbol-13' acetate. 

When used in combination with the ootent initiator dimethylbenzan-

thracene Aroclor 1254 slightly increased the incidence of t;>aoillo

mas. Aroclor 1254 als<D failed to promote skin tumors initiated by 

dimethylbenzanthracene in the same system (100 ug Aroclor 1254 

applied twice weekly f<Dr 30 weeks) (Berry, et al. 1978). 

Kanechlor 500 pro<moted heoatocellular caJ~cinoma initiated by 

diethylnitrosamine (DENA) in male Wistar rats (Nishizumi, 1976). 

Promotion was observed when PCB treatment was begun one week f.ol-

lowing the end of DENA treatment. The number of tumors was signif

icantly higher in rats treated with DENA and PC'B than DENA alone or 

DENA and phenobarbital, although a promoting effect was observed 

with the latter drug as well. 

c-73 



Hepatocarcinogenesis initiated by 3'-methyl-4-dimethylamino

azobenzene (3'-Me-DAB) in female oonryu strain rats was promoted by 

oral administration of PCBs following initiation. Tumor incidences 

in animals treated with 3'-Me-DAB + PCB, 3'-Me-DAB alone, or PCB 

alone were 64 percent, 13 percent, and 0 percent, re~pectively. 

PCB treatment preceding or simultaneous with 3 '-Me-DAB treatment 

did not produce tumors {Kimura, et al. 1976). 

By contrast to the hepatic co-carcinogenic effects of PCBs 

observed by Kimura, et al. {1976), Nishizumi {1976), and Ito, et 

al. (1973, 1978), other investigators have observed an inhibition 

of tumor formation or growth in the presence of PCBs. Makiura, et 

al. (1974) fed male Sprague-Dawley rats 3'-Me-DAB, 2FAA, DEN, or 

pair-wise combinations of them for 20 weeks followed by,four weeks 

on a stock diet. Incidence of hepatocellular carcinoma ranged from 

65.2 to 92.3 percent, and nodular hyperplasia reached 100 perceat 
! 

in animals fed pairs of carcinogens. The addition of 50 ppm Kane

chlor 500 to the diet resulted in a large decrease in the tumor 

incidence and liver weight as compared to carcinogen treatment 

without PCBs. PCBs alone induced no tumors or hyperplastic nodules 

but did result in an increased liver weight. The principal differ

ence between this study an~ those of Itou et al. {1978), Nishizumi 

(1976), and Kimura, et al. (1976) using the same chemicals is that 

PCB exposure was delayed until after the initiating treatment in 

the latter -studies. This suggests that the induction of mixed 

function oxidases by PCB at the time of carcinogen treatment re

sults primarily in the inactivation of the chemicals and that the 

promoting effects observed with sequent:ial exposure ~esult from 
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some other mechanism. The co-carcinogenesis 1:)£ PCBs with simulta-

neous exposure to BHC may reflect a difference izr the liv.er metabo-

lism of this compound. 

In rainbow trout~ Salmo gairdnerii, 100 ppm Aroclor 1254 added 
,., 

to the diet reduced t:he size and frequencies of liver tumors in-.. 
: 

duced by 6 ppm aflatoxin s1 after a one year.exposure (Hendricks, 

et al. 1977) . 
'~ 

In addition to the inhibition of tumor induction by some chem-

icals, PCBs were also·shown to inhibit the growth of experimental 

tumors in rats. Sprague-Dawley rats were inoculated with Walker 

256 Carcinosarcoma cells and the effects of PCBs determined. Both 

dietary (Kerkvliet and Kimeldorf, 1977a) and injected (Kerkvliet 

and Kimeldorf, 1977b) Aroclor 1254 reduced the. size of solid tumors 

and increased animal life span. Total dietary PCB intake of 1,100 

to 2,000 mg/kg over a 40-day period reduced tumor weight to 60 to :~O 

percent of control in both male and female rats. Aroclor 1254 in-

jected intraperitoneally reduced the efficiency c:>f tumor takes when 

10 3 tumor cells were injected from 81.3 in co1:1trol to SO. 0 percent 

in animals. receiving 200 mg/kg/day. Mean tumc:>r sizes were reduced 

and lifespans increased by PCBs in animals: ir1oculated with 10 7 

tumor cells. Administration of PCBS for fivedays preceding tumor 

inoculation or the first five days after inoc:ulation was more ef-

fective than administration between days 5 and 1.0. 
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CRITERION FORMULATION 

Existing Guidelines and Standards 

The Toxic Substances Control Act (TSCA) (P.L. 94-469) was 

signed into law October 11, 1976. Provisions in section 6(e) of 

the law specifically regulate the manufacture, sale, distribution, 

and disposal of PCBs~ Manufacture, sale, or distribution of ·PCBs 

was restricted to sealed systems as of October 11, 1977. Manufac

ture was banned as of ·January 1, 1979 and all processing and dis

tribution in commerce ceased July 1, 1979. Allowance for certain 

exemptions is provided in the law. The proposed rules to implement 

the terms of section 6(e) of TSCA were released June 7, 1978 (43 FR 

24802). Proposed rules on the disposal of PCBs \ITere released Feb-

ruary 17, 1978 ( 43 FR 7150) • The u.s. Environmental Protection 

Agency has proposed a water quality criterion for the protection of 

freshwater and marine life of 0.001 ~g/1 (U.S. EPA, 19?6b). The 

Food and Drug Administration established tolerance level.s in foods 

in 1973 (38 FR 18096) and proposed new tolerance levels further 

restricting levels in 1977 (42 FR 17487). Both the current allowed 

levels and' the proposed levels were presented in Table 3. 

The occupational exposure limits adopted in 1968 are based on 

the recommendations of the American Conference of Governmental 

Industrial Hygienists (ACGIH, 1968). They set the time-weighted 

average eight-hour exposure limits to 1. 0 mg/m3 for mixtures con

taining 42 percent chlorine and 0.5 mg;m3 for mixtures containing 

54 percent chlorine. The newly recommended standard proposed by 

NIOSH (1977) is 1.0 ~g;m3 air TWA over a 10-hour day ~nd 40-hour 

work week. 
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Current Levels ot Exposure 

Human exposure to PCBs in the United States has been broad. 

Several studies of tissue.and plasma levels of PCBs have detected 

them in a high percentage of randomly chosen :subjects. Yobs (1972) 

detected PCBs in 31.1 percent of 637 human ,adipose tissue. The 

National Human Monitoring Program for Pesticides in fiscal years 

1973 and 1974 found I?CBs in 35.1 and 40.3 perc~mt of adipose tis-

sues tested (Kutz anid Strassman, 1976}. Table 12 indicates the 

distribution of PCB concentrations in the 90pulation. A study of 

Canadian human adipose tissue PCB levels four~d 1 ppm or more in 30 

percent of 172 samples (Grant, et al. 1976>:· The eastern prov-

inces, particularly Ontario, had the highest incidences. Average 

adipose tissue PCB le~vels were just below 1 mg/kg (ppm) with males 

having slightly highe!r accumulations than fentales. The same study 

found human breast milk to contain about 1 I~/kg on a fat bas~~· 

PCBs were detected in: 8 of 40 samples of breal~t milk in Colorado at 

levels between 40 and 100 ppb (whole milk) .:! The Japanese study 
.. 

described earlier found average levels in 400mi.lk samples of about 

30 ppb (Yakushiji, et al. 1977). PCB levels in plasma in u.s. popu-

lations were detected in 43 percent of 723! samples. Levels in 

positive samples ranged from 1.5 to 29 ppb with C:L mean around 2 to 3 

' ppb. White populations had higher levels than black populations 

(Finklea, et al. 1972). 

As discussed in the section on exposure,, the median water lev

els of PCBs are around 0.1 to 0.3 ug/1 in posi·l:iv·e samples with 0 to 

20 percent of samples being positive around the U.S. (Dennis, 

1976). Average PCB intake in food was estimated in the mid-1970's 
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Data 
Source 

Yobs, 
1972 

FY 1973 
Survey 

FY 1974 
Survey 

*Source: 

TABLE 12 

Levels of Polychlorinated Biphenyls 
in Human Adipose Tissue* 

Sample Percent Percent Percent 
Size Nondetected 1 ppm 1-2 ppm 

688 34.2 33.3 27.3 

1,277 24.5 40.2 29.6 

1,047 9.1 50.6 35,. 4 

Kutz and Strassman, 1976 
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to be about 9 ~g/day \141~th fish being the major dietary source. Am

bient air concentrations are around 100 ng./m3 (Kutz and Yang, 

1976). 

Special Groups at Ris~ 

The preceding discussion of human expo!sure makes clear the 

fact that a high percentage of the u.s. population has been and is 

exposed to low levels ·Of PCBS in food, water I and air. Those groups 

at particular risk for PCB exposure include ir.tdustr ial workers ex

posed in the workplace, individuals consuming ~arge amounts of con

taminated fish, such a,s sport fisherman (42 FFl 17487), and nursing 

infants who, per kg body weight, may accumulate significant body 

burdens from the levels in human breast milk.: With the cessation 

of manufacture of PCBs by Monsanto in 1977 and the great decline in 

its use which should rc!sult from the implementc:ttion of section 6 (e) 

' of TSCA, industrial e~~posure should decline sub!;tantially. Since 

many PCB-containing sealed systems can be expec:::ted to remain in 

service for many years, continuing vigilance ~ill be necessary to 

minimize accidental pollution of waterways or air and to prevent 

further occupational exposure. 

Basis and Derivation of Criterion 
' ' 

In arriving at a criterion for PCB levels in ambient waters 

several factors must b•~ taken into account. Firs·t, PCBs are highly 

persistent in the environment and accumulate . to a high degree in 

food webs. - As discus~;ed in the section Inges:.til::>n from Foods, an 

average bioaccumulation factor for PCBs in ali freshwater fish and 

shellfish of 31,200 has been determined. As :a consequence, PCBs 

leave the environment very slowly once they have entered it. Not 
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only do PCBs Persist and accumulate in the environment but in man 

as well. The current environmental levels are not producing obvi

ous acute ill health in the general POPulation. However, several 

animal studies report that PCBs produce a ,carcinogenic response and 

that they may enhance the carcinogenic activities of other sub-

stances. 

Although other adverse effects of PCB exposure could be used 

as a basis for formulating a criterion, carcinogenicity will be 

used for a variety of reasons. ~he most extensive chronic studies 
I 

with PCBS have identified carcinogenicity as the maior end point. 

Although no carcinogenicity studies have been extended to more than 

one generation and firm data exist only for the female rat, a cred-
' 

ible carcinogenic response to PCBs has been demonstrated and cannot 

be ignored. Kimbrough, et al. (1972) <)bserved an incidence of 

hepatocellular carcinoma of 26/184 in treated rats compared ·to 

1/173 in controls. The National Cancer Institute (NCI) bioassay 

observed a lower percentage of hepatocellular carcinoma at a simi-

lar dose level which was statistically not significant because the 

number of animals was low. In addition, a number of nonmalignant 

proliferative processes observed in liver at high frequencies in 

the PCB-treated animals in these studies were also observed in both 

rats and mice in other studies (Ito, et a1. 1973, 19747 Kimura and 

Baba 1973; T<imbrough, et al. 1972; Kimbrough and Linder, lq74). 

PCBs were classified as carcinogenic by the International Agency 

for Research on Cancer (IARC, 1974). Evidence from human oooula-

tions suggests but does not confirm an increase in cancer frequency 

due to PCB exposure (T<uratsune, et a1. 1976: Bahn, 1976). Ptna11y, 

C-80 



a theoretical basis exists for the quantitativE! extrapolation of 

carcinogenic effects in treated animals to human populations. var

ious models, such as il:he one used below, can 'prc::>vide quantitative 

risk estimates based em animal data and certain assumptions about 

the induction of neoplasia (e.g. one-hit or m~lti-hit induction) . 

No basis .exists for extrapolation with rna the;ma·tical models from 

animals to man for many other kinds of biologi6al effects. 

Although the crit'erion established below: is based on animal 

carcinogenicity data, it should also be noted that other adverse 

effects have been observed in mammals at le11els below the dose 

which produces tumors in rats. The carcinogenic effect was ob-

served in rats consuming an average of 4.9 mg/kg/day. Dietary lev

els at 2.5 ppm produced adverse reproductive effe•::ts in Rhesus man-

keys (Allen and Barsotti, 1976). If a food in·~ak.e of 350 gjday is 
i 

assumed, the PCB dose is 146 J,lg/kg/day in 6 kg animals. At this 

time no data are available to indicate the m:inimal level in the 
diet at which PCBs produce toxic effects in Rh~sus monkeys. 

In ·mink, ingestion of as little as 61 mg c)f Aroclor 1254 over 

nine months or 90 mg of Aroclor over four month:~ resulted in sharp-

ly reduced reproduction (Aulerich and Ringer,: 1977). Assuming a 
' 

weight of 1 kg for adult mink and a food intake of 150 g/day, the 

PCB dose at 2 ppm was clbout 300 J,lg/kg/day, whic:h is similar to the 

level producing reproductive toxicity in monke~rs. 

These aata can be used in one approach to developing an ambi-

ent water quality criterion. If 300 J,lg/kg/day is taken as the 
' 

lowest-observable-effec:t-level (LOEL), then a.n Acceptable Daily 
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Intake (ADI) can be calculated for a 70 kg man using an u$certainty 

factor of 100: 

300 x 70 = 210 l.lg/day ioo 
Assuming that exposure to PCBs is ba!sed on the consumotion of 

2 liters ·of drinking water, 6. 5 g (0. 0065 kq) of ·fish and shell-

fish, and a bioconcentration factor of 31,200~ then the·followinq 

calculation can be made: 

X [(2 1) + (0.0065 X 31,200)] = 210 l.lg 

X = 1.03 l.l9/l 

As will be seen later, the carcinogenicity criterion is lower 

and presumably more cautionary. 

An assessment of carcinogenic risk will be. made by extrapola

tion from animal data using a linearized multistage (non-threshold) 

model. The extrapolation used takes into account 'the bioaccumula

tion of PCBS in fish and shellfish. It is assumed that an average 

of 2 1/day of water are consumed along with 6.5 g of fish taken from 

th'at water source. Exposures from other food sources, air, or oc

cupational ex~osure are not included in the criterion level derived 

by this model. 

Among the studies reviewed in this document, only one a~pears 

suitable for use in the cancer risk assessment. None of the mouse 

studies involved feeding for most or all of a lifetime and are 

therefore unsuitable. Of the rat studies, the only one involving 

long term exoosure and adequate numbers of animals is the study of 

Sherman rats by Kimbrough, et al. (1975)m 

This study has some drawbacks in that it lacks any evidence of 

a dose-response (due to the use of only one dose levell7 it tests 
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only one sex ·of the species, and only one commercial mixture of 
PCBs. Yet the experim~ntal design is a good one in many ways: the 
treatment was given ov~r a long portion of the life span; there was 
an appropriate route (food) and distribution of exposure (uniform ., 

dose over t-ime) : the authors provided good documentation of the 
actual intake dose; a !Sufficiently large number of experimental and 
control animals were ,used to detect a stati;stically significant 
increase in tumors; and there was a thorough· and well documented 
description of the pat:.hology (hepatocellular 1:::arcinoma) • The NCI 
study (1978) was the only other study involving a long-term expo
sure and was suggesti vc! of a ca·rcinogenic effedt: however, the lack 
of an adequate number of animals renders it unsuitable as a study 
upon which to base an •estimate of carcinogenic risk. 

Under the Consent:, Decree in NROC· v. Train, criteria are to 
state "recommended maJtimum permissible concentrations (including 
where appropriate, zero) consistent with the p~otection of aquatic 
organisms, human health, and recreational activities." PCBs are 
suspected of being human carcinogens. Because there is no recog-
nized safe.concentration for a human carcinogen, the recommended 
concentration of PCBs in water for maximum protection of human 
health is zero. 

Because attaining a zero concentration level may be infeasible , 
in some cases and in o1cder to assist the Agency and States in the 
possible future development of water quality regulations, the con
centration of PCBS corresponding to several incJ:emental lifetime 
cancer risk levels have been estimated. A cancer risk level pro-
vides an estimate of the additional incidence of cancer that may be 
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expected in an ext;)osed population. A ri.sk of la-s for example, in-

dicates a probability of one additional cas~ of- cancer for every 

100,000 people exposed, a risk of 10-6 indicates one additional .., 

case of cancer for every million people exposed, and so forth. 

In the Federal Register notice of availability of draft ambi-

ent water quality criteria, EPA stated that it is considering set

ting criteria at an interim target risk level of 10-S ,' 10-6 , or 

10-7 as shown in the table below. 

EXEosure Assumptions Risk Levels and Corresponding Criteria ( 1) 

(per day) 
10-7 10-6 10-s -

2 liters of drinking 
water and consumption 0.0079 ng/1 0.079 ng/1 0.79 ng/1 
of 6.5 g fish and 
shellfish. (2) 

Consumption of fish 0.0079 ng/1 0.079 nq/1 0. 7.9 nq/1 
and shellfish only. 

(1) Calculated by applying a linearized multistage model as dis

cussed in the Human Health Appendices to the October 1980 Fed

eral Register notice which announced the availability of this 

document. Appropriate bioassay data used in the calculation 

are presented in the Appendix. Since the extra~olation model 

is linear at low doses, the additional lifetime risk is di~ 

rectly proportional to the water concentration. ·Therefore, 

water concentrations corresponding to other risk levels can be 

derived by multiplying or dividing one of the risk levels and 

corresponding water concentrations shown in the table by fac

tors such as 10, 100, 1,000, and so forth. 
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(2) Approximately 99 percent of the PCB exposurj~ results from the 
consumption of aquatic organisms which exhibit an average bio

concentration potential of 31,200-fold. ~he remaininq 1 oer

cent of PCB exposure results from drinking water. 

concentration levels were derived assuming a lifetime exposure 

to various amounts of PCBs, (1) occurring from the consumption of 

both drinking water and aquatic life grown in ~aters containing the 

corresponding PCBs concentrations, and (2) occurring solely from 

consumption of aquatic life grown in the w~ter~ containing the cor-

responding PCB concentrations. Although total exposure information 

for PCBs is discussed, and an estimate of the! contributions from 

other sources of exposure can be made, this data will not be fac

tored into ambient water quality criteria forMulation until addi-

tional analysis can be made. The criteria presented, therefore, 

assume an incremental :r; isk from ambient water ~exposure only. 

These criteria are exceedingly low. Although sharp restric

tion of open PCB use in 1970 resulted in notable declines in water 

PCB levels in the next several years (Dennis, (1976), the residual 

levels remaining are still two to three orders; of magnitude above 

the criterion indicated by this extrapolation. The major source of 
! 

PCBs in water today is probably not new effluE~nts from industrial 
' ,, 

or domestic sources, but the PCB-containinq' sludqes underlyinq 

waterways which typically contain 100- to l,OOO~fold higher concen-
,, 

trations than the wate.r itself (Dennis, 1976) ·! Efforts to reduce 

water levels significantly by eliminating current pollution sources 

will probably have little effect on average w'atEH PCB concentra-

tions. 
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The ~ery low limits suggested by this risk estimate are due in 

large part to the ~ery large bioaccumulation factor in fish ~ 

(31,200). This figure is an a~erage for a wide ~ariety of salt-

water and freshwater organisms (see Ingestion from Food section) . 

As possible strategies to reduce human exposures to PCBs are 

considered, the relative contributions of ingested water and fish 

should be kept in mind. At the assumed conlsumption rate of 2 liters 

of drinking water and ~.5 g of fish/day, 99 percent of the dietary 

PCBS will be obtained from fish. StrategiE~S which focus separately 

on the reduction of PCB levels in water and fish for human consump

tion might be more practical and productive than a single standard 

for water which takes bioaccumulation in fish into ·account. 

A final comment about the risk level derived from t~his study 

is that it is based on animal data in which a dose-response rela-

tionship was not demonstrated. The weight of evidence , indicates 
I 

that PCBs are carcinogenic in rodents. H'owever, the carcinogenic 
I 

activities of these compounds are not great. An acceptable noncar-

cinogenic level could be established with ~geater certainty if bet

ter quantitati~e data on carcinogenicity were available.. Studies 

with larger numbers of animals designed to measure relatiyely small 

effects are needed. Also, the rat appears to be much less sensi

tive to the acute and subacute effects of PCBS than man or non-

human primates. . Further investigation of the effects of PCBs in 

Rhesus monkeys, particularly with reference to the gastric lesions 

produced, would be useful. 
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APPENDIX 

Summary and Conclusions Regarding the Carcinogenicitv. of 
Polychlorinated BiPhenyls* 

Polychlorinated bi?henyls (PCBs) are prepared by the chlorina-

tion of biphenyl and are complex mixtures; containing isomers of 

chlorobi?henyls with different chlorine content. 

Because of the widespread industrial use of PCBs, their long 

half-life, and the documented disease-Producing capabiU.tv of these 

compounds in several species, regulations have been promulgated 

banning most of the manufacturing, processin~, and distribution of 

PCBs in the United States {44 FR 106). 

Human studies concerning the possible carctnogenicitv of PCBS 

have involved small numbers of individuals and provide little in

formation about exposure. Although these studies are only margin~ 

ally useful in describing the carcinogenicity of PCBs, the inci-

dence of malignant neoplasms in "Yusho" patients and in industrial 

workers exposed to Aroclor 1254 suggests that human exposure to 

PCBS is associated with an increased risk o€ neoplasia. 

In two separate studies, PCBs have been reported to induce I 

hepatocellular carcinomas in both mice and rats (male 1 mice fed 

Kanechlor 500 at 500 ppm and female Sherman rats fed Aroc1or 1260 

at 100 ppm) • 

*This summarv has been orePared and aPProved by the Carcinogens 
Assessment Group of EPA on -June 15, 1979. 
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In an NCI bioassay, Aroclor 1254 was not carcinogenic in Fis-
cher 344 rats, but the high frequency of hepatocellular prolifera-
t i ve lesions was cons ide red to be the result 10f treatment and car
cinomas of the gastt·ointestinal tract poss;Lbly associated with 
treatment. In one other mouse study and thrE!e other rat studies, 
various PCBs induced proliferative lesions of the liver which might 
be indicative of carcinogenicity. The most c:ommonly seen lesions 
were adenofibrosis (cholangiofibrosis) and neoplastic nodules. 

' 
' A correlation between degree of chlorination and tumor induc-

ing potential was observed in both mouse and rc!t species. The most 
_. highly chlorinated preparations were also the most potent tumor 

inducers with the exCE!ption of Aroclor 1254 wlllich was more potent 
' I than Aroclor 1260 in one rat study. Where e:~eantined, female rats 

were found to be more sensitive than males. No comparisons of sex 
related effects were made in mice. 

PCBs have been reported to be co-carcinogenf;, initiators, and 
promoters in both mouse and rat species. 

The mutagenicity of different PCB preparations has been evalu-
ated in several test systems with conflicting results. In one 

i study, the single isomer 4-chlorobiphenyl was repc;:,rted to be hi.ghly 
mutagenic in Salmonella typhimurium strain TA1538 after liver 

i microsomal activation, while Aroclor 1221 was ;re;[:')orted tq be less 
mutagenic and Aroclor~; 1254, 1268, and 2, 5, ~~', 5 '-tetrachlorobi-

' phenyl wer~ inactive. The fact that mutagenid activity decreased 
,, with increasing chlorination is consistent with the characteristic 

insensi ti vi ty of the J!unes test to chlorinated hydrocarbons. In 
other test systems, Kanechlor 300 inhibited bacterial DNA repair 
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deficient cells and induced cytogenetic abnormalities in Yoshida 

sarcoma cells. Kanechlor 500 tested positive in a mouse bone mar

row cytogenetic analysis. 

In summary, carcinogenic responses have been induced in mice 

and rats. These results, together with positive mutagenic re-

sponses and suggestive epidemiologic evidence, constitute substan-

tial evidence that PCBs are likely to be human carcinogens. 

The water quality criterion for PCSs is based on the Kim

brough, et al. (1975) study on the inductic,n of hepatocellular car

cinomas and neoplastic nodules in female Sherman strain rats fed 

100 ppm Aroclor 1260. It is concluded tha1: the water concentration 

of PCBs should be less than 0. 79 ng/1 (""' 0. 8 ng/1) in order to keep 

the lifetime cancer risk below 10-
5 

• 
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•• Summary of Pertinent Data 

The water quality criterion for PCBs is derived fFom the hepa

tocellular carcinoma and neoplastic nodule :response of Sherman 

strain female rats fed Aroclor 1260 at a nominal dietary level of 

100 ppm (Kimbrough, et al. 1975). A time-wei~~hted average dose of 

88.4 ppm (i.e., the dose varied between 70 and 107 ppm in the Kim

orough, et al. study) was administered for! approximately 2.1.. S 

months and the animals were ooserved for an adcii tional six weeks 

before terminal sacrifice. The criterion is calculated from the 

following parameters where the adjustment factc!:>r of 0. 05 represents 

the fraction of food consumed in relation to bod:~ weight: 

Dose 
(mg/kg/day) 

0 

4.42 

(i.e., 88.4 ppm x 0.05) 

le = 645 days 
Le = 730 days 
L = 730 days 

Incidence 
(No. responding/No. tested) 

,1/173 

170/184 

w = 0.400 kg 
R = 31,~00 1/kg 

With these parameters the carcinogenic'· p<>tency factor for 

humans is 4.3396 (mg/kg/day)-.L. The resulting water concentration 
I 

of PCBs calculated t<) keep the individual lifetime cancer risk 

below .LO-s is 0.79 ng/1 . 
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